Prevalence of Verbal and Nonverbal Learning Disability Subtypes and Concomitant Behavior Problems in LD Children with and Without Physical Disability by Zilla, Kate E.
Loyola University Chicago 
Loyola eCommons 
Dissertations Theses and Dissertations 
1994 
Prevalence of Verbal and Nonverbal Learning Disability Subtypes 
and Concomitant Behavior Problems in LD Children with and 
Without Physical Disability 
Kate E. Zilla 
Loyola University Chicago 
Follow this and additional works at: https://ecommons.luc.edu/luc_diss 
 Part of the Education Commons 
Recommended Citation 
Zilla, Kate E., "Prevalence of Verbal and Nonverbal Learning Disability Subtypes and Concomitant Behavior 
Problems in LD Children with and Without Physical Disability" (1994). Dissertations. 3474. 
https://ecommons.luc.edu/luc_diss/3474 
This Dissertation is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. 
It has been accepted for inclusion in Dissertations by an authorized administrator of Loyola eCommons. For more 
information, please contact ecommons@luc.edu. 
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License. 
Copyright © 1994 Kate E. Zilla 
LOYOLA UNIVERSITY CHICAGO 
PREVALENCE OF VERBAL AND NONVERBAL LEARNING DISABILITY 
SUBTYPES AND CONCOMITANT BEHAVIOR PROBLEMS IN LD CHILDREN 
WITH AND WITHOUT PHYSICAL DISABILITY 
A DISSERTATION SUBMITTED TO 
THE FACULTY OF THE GRADUATE SCHOOL 
IN CANDIDACY FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
DEPARTMENT OF COUNSELING PSYCHOLOGY 
BY 
KATEE. ZILLA 
CHICAGO, ILLINOIS 
MAY, 1994 
Copyright by Kate E. Zilla, 1994 
All rights reserved. 
ii 
ACKNOWLEDGEMENTS 
I first sincerely thank the members of my committee: 
Dr. Karen E. Wills, who has provided unfailing encouragement 
and support, has challenged me to think creatively and 
flexibly on many levels, and has shared her abundant 
knowledge and expertise in the area of neuropsychology; 
Dr. Jack Kavanagh, who has patiently provided invaluable 
methodological and technical assistance; and Dr. Carol 
Harding, who has provided continued encouragement and 
practical ideas for bringing closure to this project. 
I am grateful to my parents and my family, whose 
continued interest and unwavering support have helped me to 
complete this endeavor. I thank my friends, who have shared 
their support and affection in many ways, who now know much 
about computer viruses, and without whom this project would 
not have been possible. 
Finally, I am grateful to the children who are 
challenged with a variety of disabilities and their 
families. Their struggle has not gone unnoticed. This 
volume is respectfully dedicated to them. 
iii 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS 
LIST OF TABLES 
Chapter 
iii 
. . vi 
I. INTRODUCTION 
Purpose of study. 
Hypotheses .•.. 
1 
3 
6 
II. REVIEW OF THE LITERATURE 9 
NLD and VLD Subtypes: Definitions . . . . .. 9 
Verbal Learning Disabilities ...... 10 
Nonverbal Learning Disabilities . . ..... 12 
Hypothesized Neurological Basis of NLD Symptoms . 15 
Right Hemisphere Deficit Disorders .. 15 
White Matter Disturbance/Dysfunction •.... 16 
NLD and ADD: An Overlap? ..... 22 
Classification Issues . . . . • . . . . . .. 24 
Behavioral Subtyping ...•.••...•.... 27 
Internalized and Externalized Defined ..... 27 
Internalized and Externalized: 
Operational Definitions .•..•....... 30 
Towards a Theoretical Model for 
Comprehensive Subtyping. . ...... 32 
LD Prevalence in MM Children. . . . . . . . . 34 
III. METHOD • • • 4 0 
IV. 
Subjects . . . . . . . . . . . . . . . . . 4 O 
Measures . . . . . . . . . . . . . . . . . 41 
Procedure . . . . • . . . . . . . . . . . 4 2 
Data Entry. . . . . . . . . ..... 44 
Classification Criteria ...•........• 46 
Clinical ............. 46 
Actuarial . . . . . . . . . . . . . . . 5 o 
Research Design . . . . ....... 53 
Data Analysis . . . . .... 54 
RESULTS. 
Analysis of Data .....•....•.... 
Prevalence of Subtypes ..•........ 
Behavioral Functioning within Subtypes .. . 
Hypotheses: Cross-sectional ........ . 
Hypotheses: Longitudinal ......... . 
iv 
• • 59 
• • 59 
. 62 
• 82 
• • 87 
105 
v. DISCUSSION . . . 108 
The Findings. . . . . . . . . . . . 108 
Classification Findings . . . . . . . . . . 109 
Discriminant Function Analyses. . . . . . . 110 
Clinical Sort/LD Clinic. . ........ 110 
Clinical Sort/MM Clinic . . . 113 
IQ Sort/LD Clinic. . . . . . . . .. 116 
IQ Sort/MM Clinic. . . . • . . ... 117 
Effect Size . . . . . . . . . . . . . . .. 118 
LD Clinic . . . . . . . . . . . . . . . . 118 
MM Clinic . . . . . . . . . . . . . . 12 2 
Hypotheses: Cross-sectional . . . . . . 124 
Hypotheses: Longitudinal. . . . . . . ... 133 
Limitations of the Study ..•......... 135 
Directions for Future Research. . . . . . . 136 
APPENDIX 
A. Neuropsychological and Academic Measures 
B. Table 21: List of Cognitive and Academic 
Measures Administered to Children 
138 
from LD and MM Clinics • . . 147 
C. Table 22: Comparisons of CBCL with Conners 
Parent Questionnaire and Quay-
Peterson Revised Behavior Problem 
Checklist. . . . . . . . . . 148 
REFERENCES 
VITA 
V 
149 
158 
LIST OF TABLES 
Table 
1. LO Clinic Demographics. 
2. MM Clinic Demographics. 
3. Actuarial & Clinical Schemes for NLD/VLD 
Page 
• • • 60 
. . 61 
Classifications by Clinic ............ 63 
4. Discriminant Function Analysis for NLD/VLD 
Classification by Clinical Scheme for LO Clinic. 66 
5. Discriminant Function Analysis for NLD/VLD 
Classification by Clinical Scheme for LD Clinic. 68 
6. Discriminant Function Analysis for NLD/VLD 
Classification by IQ Scheme for LO Clinic .... 72 
7. Discriminant Function Analysis for NLD/VLD 
Classification by Clinical Scheme for MM Clinic. 75 
8. Discriminant Function Analysis for NLD/VLD 
Classification by Clinical Scheme for MM Clinic. 77 
9. Discriminant Function Analysis for NLD/VLD 
Classification by IQ Scheme for MM Clinic .... 80 
10. Effect size for Behavior Problem Scores by 
Classification Category and LO Subtype: LO Clinic 83 
11. Effect Size for Behavior Problem Scores by 
Classification Category and LD Subtype: MM Clinic 85 
12. LO and MM Clinic Sample Differences in Externalized 
and Internalized Problems. . .... 88 
13. Proportional Classification of NLD and VLD Subtypes 
by Clinic Using 4 Schemes. . . . 91 
14. Comparisons of Younger to Older NLD Children on 
Internalized and Externalized Scales/LO. . . 93 
15. Comparisons of Younger to Older NLD Children on 
Internalized and Externalized Scales/MM. . . 94 
vi 
Table Page 
16. Comparisons of Younger to Older VLD Children on 
Internalized Scale ............... 96 
17. NLD Gender Differences in Externalized Scores . 99 
18. VLD Gender Differences in Internalized Scores 101 
19. Comparison of Attention Problems by Gender in 
MM and LO Clinics. . . . . . . . . . . 104 
20. Intra-Individual Behavior Change Over Time for 
Subgroups from Combined LO and MM Clinics. 107 
21. List of Cognitive and Academic Measures 
Administered to Children from LO and MM Clinics 147 
22. Comparisons of CBCL with Conners (CPQ) and 
Quay-Peterson Revised Behavior Problem 
Checklist .............. . 
vii 
148 
CHAPTER I 
INTRODUCTION 
Social-emotional disturbance, as manifested in 
behavioral problems, has long been associated with learning 
disabilities (LD} in children (Rourke & Fuerst, 1991; 
Spreen, 1988). More recently, it has been suggested that 
specific patterns of central processing abilities and 
deficits cause certain patterns of learning disabilities and 
of social-emotional disturbance. Recent support has been 
found for a correlation between a specific subtype of LD, 
nonverbal learning disabilities, and social-emotional 
disturbance (Fuerst, Fisk & Rourke, 1990; Rourke & Fuerst, 
1991; Rourke, 1988a}. It is this hypothesized association 
which is the central focus of this study. 
It is only recently that the existence of a nonverbal 
learning disability syndrome (NLD} has been formally 
described and documented as one subtype of LD (Rourke, 
1987}. Indeed, it has only been through persistent attempts 
to define the broad construct of LD more precisely that the 
exploration of any subtypes has been undertaken (Fisk & 
Rourke, 1983}. Currently, there is evidence for the 
existence of a few primarily language-based learning 
disability subtypes (Johnson & Myklebust, 1967; Pirozzolo, 
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1981; Rourke, 1985), a few primarily nonverbal learning 
disability subtypes (Semrud-Clikeman & Hynd, 1990), and at 
least one global, mixed deficit subtype (Nussbaum & Bigler, 
1986; Rourke, 1985; Satz & Morris, 1981). 
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Associated "markers" of language-based and nonverbal 
subtypes include particular patterns of performance in 
cognitive, academic, and, more recently, behavioral domains. 
Specific to the behavioral domain has been the delineation 
of two major types of childhood behavior. The first type, 
termed an internalized behavior pattern, represents problems 
within the self, such as somatic complaints, anxiety, 
depression, and/or social withdrawal. The second type, 
termed an externalized behavior pattern, represents problems 
with the environment, such as noncompliance, impulsivity, 
overactivity, and/or aggression (Achenbach, 1982, p. 35). 
The NLD syndrome has been described by using 
cognitive, academic, or behavioral criteria, alone or in 
various combinations, to define membership. Though its 
incidence in the general LD population appears to be rather 
low, with estimates of 1:10 (Rourke, 1989), this syndrome 
has been posited to occur with increased incidence in 
children with certain neurologic conditions, such as 
hydrocephalus (Rourke, 1989). This study was designed to 
examine the incidence of NLD in two independent samples 
within two clinics of a major children's hospital: (a) a 
group of children with a neurologic condition which is the 
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result of the most severe form of spina bifida, 
myelomeningocele, or MM ("MM sample"), who were referred by 
physicians for routine baseline assessment to screen for any 
emerging learning problems; and (b) a group of children 
referred by parents or teachers to a learning disabilities 
diagnostic clinic due to problems at home and/or at school 
( "LO sample") . 
Purpose of Study 
The purpose of this study was threefold: (a) to examine 
the prevalence of the Nonverbal Learning Disability (NLD) 
and a language-based, Verbal Learning Disability (VLD) 
subtype within a group of children with myelomeningocele 
(MM) who exhibit LO, and in an LO group without physical 
handicaps; (b) to examine the presence of specific patterns 
of behavior problems within these two subtypes generally and 
as a function of age and gender (cross-sectional); and (c) 
to examine the stability of these behavior problems over 
time for both subtypes within each group (cross-sectional 
and longitudinal). This design is retrospective, using 
archival data. 
Within the MM and LO groups, general criteria for 
inclusion were: (a) the absence of mental retardation, 
severe and persistent seizure activity, psychosis, and/or 
visual or auditory acuity deficits; and (b) an IQ score of 
at least 80 in either the Full Scale, Verbal or Performance 
scales of the Weschler Intelligence Scale for Children-
Revised (WISC-R} or the Weschler Intelligence Scale for 
Children-III (WISC-III). 
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Once these general inclusion criteria were met, the MM 
and LD groups each were classified or sorted into NLD and 
VLD subtypes. The majority of analyses for the MM and the 
general LD subjects were completed separately throughout the 
study. 
An initial clinical subtype classification was made by 
consensual judgement of 2 trained raters based upon a case-
by-case review of psychological test reports on file for 
these subjects. The narrative reports included behavioral 
observations, psychological, and academic test scores 
(omitting only the scores for the dependent measure, the 
Child Behavior Checklist {CBCL} (Achenbach, 1991}}. Every 
subject was classified as NLD, VLD, or "Other". Subjects 
classified as "Other" were excluded from further analyses 
using this clinical classification system. Both the NLD and 
the VLD group were then subdivided by age (i.e., younger= 
5-8, older= 9-14) and gender. The prevalence of 
externalizing and internalizing behavior problems within 
each subtype {VLD vs. NLD} was then compared. An additional 
analysis of attentional problems, which is often associated 
with externalized behavior problems, was conducted. 
The second part of this behavioral analysis involved 
three actuarial subtyping classification schemes, based 
solely on a quantitative sort of academic and IQ test 
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scores. The criteria employed in these three classification 
schemes were derived by adapting criteria from previously 
conducted major studies to the available data in the current 
clinical archives, in an effort to replicate and extend 
previous research findings (Fuerst, Fisk, & Rourke, 1991; 
Ozols & Rourke, 1985; Ozols & Rourke, 1991). Analyses of 
behavioral problem patterns (utilizing CBCL scores) in 
relation to subtype (VLD vs. NLD) were conducted using 
subjects classified according to each of the three actuarial 
classification schemes. Both cross-sectional and 
longitudinal analyses were performed in the same fashion as 
when employing the first (clinical) classification scheme. 
The comparison of prevalence rates between subtypes 
using both clinical and actuarial classification schema 
should help to indicate advantages and disadvantages of 
utilizing each approach. The inclusion of behavioral 
observations, developmental history and clinician's 
impressions, in addition to quantitative test scores as part 
of the clinical classification, was expected to yield 
differently defined LD subtypes, as compared to the 
actuarial schemes. The amount of overlap between clinical 
and actuarial approaches was compared. 
Finally, a longitudinal comparison of behavioral 
functioning for a subsample of participants identified for 
membership in these two subtypes was conducted. comparisons 
of behavioral change within individuals over time was made. 
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Hypotheses 
Hypotheses to be tested were: 
1. Children seen in the LO clinic who are identified as 
either VLO or NLO will show more externalized and 
internalized behavior problems as a group than children seen 
in the MM clinic who are similarly identified. This is 
because the children in the LO clinic who were so identified 
had to come to someone's attention in order to get referred. 
Often, this would be in conjunction with acting out 
behaviors. 
In contrast, MM children were routinely referred as a 
function of their physical disability, whether or not they 
exhibited any behavioral problem. Thus, the referral source 
for the LO clinic may be biased towards detection of 
children with acting out behaviors. 
2. Children seen in the LO clinic who are identified as 
VLO or NLO will be so classified in dissimilar proportions 
to children seen in the MM clinic who are identified as VLO 
or NLO, regardless of classification scheme used (i.e., 
clinical vs. actuarial). It is expected that a higher 
proportion of LO than MM children will be classified as VLO, 
whereas a higher proportion of MM than LO children will be 
classified as NLO. This is due to a presumed greater 
incidence of neuroanatomical disturbance associated with NLO 
in the MM sample. 
3. For children in both MM and LO clinics, those 
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identified as NLO will show elevated externalized behavior 
problems both at younger (i.e., 5-8) and older (9-14) ages, 
and will also show elevated internalized problems at an 
older age (i.e., 9-14) compared to population norms for the 
particular measure used. This is due to presumed low 
visual-tactile information processing skills, which serve as 
a precursor to a lack of social skill development; these 
children may not easily process nonverbal communication 
clues. As they get older, the negative social consequences 
of their impulsive, externalized behavior will increasingly 
lead to internalized behavioral responses to their social 
milieu. 
4. For children in both MM and LO clinics, those 
identified as VLO will show elevated internalized behavior 
problems at both younger and older ages compared to 
population norms for the particular measure used. This is 
because children exhibiting language disorders, particularly 
early-onset disorders, are more prone to development of the 
internalizing disorders than those who are not (Hinshaw, 
1992) . 
5. Boys who are identified as NLO will present as more 
externalized than girls identified as NLO, at both younger 
and older ages across both MM and LO clinics. This is 
because boys are thought to be more externalized in general 
than girls (Achenbach, 1991, p. 148), and because there may 
be differential asymmetry in brain development for boys and 
girls (Semrud-Clikeman & Hynd, 1990). 
6. Boys with VLD will present as less internalized 
than girls who are so identified at both younger and older 
ages across both MM and LD clinics. This is because VLD 
girls are thought to be more internalized than boys as they 
get older (LaGreca, 1990). 
8 
7. Boys who are identified as NLD or VLD will show more 
attention problems than girls so identified across both MM 
and LD groups. This finding is expected due to a higher 
prevalence in general of boys to girls with this behavior 
problem (American Psychiatric Association, 1987). 
8. For VLD children followed longitudinally, 
maintenance of elevated internalized behavior problems over 
time is expected, for reasons explained in Hypothesis 4, 
which explores this same question cross-sectionally. 
9. For NLD children followed longitudinally across 
clinics, a maintenance of elevated externalized problems and 
an increase in internalized problems over time are expected, 
for reasons explained in Hypothesis 3, which explores this 
question cross-sectionally. 
CHAPTER II 
REVIEW OF THE LITERATURE 
Learning disabilities (LD) is a construct that has only 
vaguely defined as a homogeneous group children who are 
probably heterogenous in terms of ability and deficit 
structures (Fisk & Rourke, 1983; Fletcher & Morris, 1986; 
McKinney, 1984). Acknowledging the need for a more precise 
definition, researchers have attempted to establish a 
variety of subtypes in lieu of the more general term "LD" 
(Morris, 1988). If children can be classified more 
adequately into subtypes based on shared features which also 
distinguish them from children belonging to different 
subtypes, more effective remediation and prevention efforts 
might be one useful outcome (Fletcher, 1989). 
NLD and VLD Subtypes: Definitions 
Two LD subtypes in particular have been described in 
the literature rather consistently over time. They may be 
roughly grouped under the terms language-based, or verbal 
learning disability subtypes (Johnson & Myklebust, 1967; 
Pirozzolo, 1981; Rourke, 1985), and nonverbal learning 
disability subtypes (Semrud-Clikeman & Hynd, 1990; Voeller, 
1986). A third subtype, which is a global, mixed deficit 
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grouping, has been described in the literature, but is 
beyond the scope of this study (Nussbaum & Bigler, 1986; 
Rourke, 1985; Satz & Morris, 1981). The description of 
verbal and nonverbal subtypes across studies seems to 
support conceptually the idea that shared features might 
delineate one from the other subtype in particular, and from 
the more generic term LD in general. 
Verbal Learning Disabilities 
The single largest LD subtype identified in the 
literature has been language-deficit groups (Feagans & 
Appelbaum, 1986). A prevalence rate of between 3-10% of 
school-aged children is thought to occur for children 
diagnosed as having either developmental expressive or 
receptive language disorders, while an associated disorder, 
developmental reading disorder, has a suggested prevalence 
rate of 2-8% in school-aged children (American Psychiatric 
Association, 1987). 
The connection between reading difficulties and 
language problems in general, and verbal learning 
disabilities in particular, is well documented (Richardson, 
1992). For example, Myklebust (1978) has found and termed 
one language-based subtype an "inner language dyslexia'' 
(deficits in both auditory and visual-verbal processing, in 
the presence of adequate ability to recognize and pronounce 
printed words), and another such subtype an "auditory 
dyslexia" (which involves the inability to connect phonemes 
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with graphemes, and to "symbolize auditory information" 
(Harris & Sipay, 1990)). Vellutino and Scanlon (1987) have 
termed a similar subtype as "auditory-linguistic", with 
verbal processing difficulties apparent in dyslexic children 
in the semantic, syntactic, and phonological aspects of 
language. Pirozzolo, Dunn, and Zetusky {1983) also identify 
an "auditory-linguistic dyslexia", characterized by language 
disorders such as impaired expressive language, lower Verbal 
than Performance IQ's, agrammatism, anomia, and faulty 
grapheme-to-phoneme matching. Rosenthal, Boder, and 
Callaway {1982} found evidence for one reading subtype which 
is termed a "language-symbolic dyslexia". 
In a recent review of the literature, Harris and Sipay 
{1990) suggest that of three consistently mentioned subtypes 
of reading disability, the most common is characterized by a 
general deficiency in language skills in the presence of 
average visual and visual-motor skills, with a lower Verbal 
than Performance IQ. Particular language deficits 
associated with this subtype include poor listening 
comprehension, limited vocabulary and understanding of 
syntactic structure, verbal expression deficits, poor 
auditory discrimination and memory, and poor blending 
ability. It is this subtype of reading disability, 
accompanied by deficits in spelling, that appears to be 
consistently described although variously termed by one 
subtyping researcher, Rourke, as a "high performance-low 
verbal" (Rourke, Young, & Flewelling, 1971), "Group 2 11 
(Rourke and Finlayson, 1978), "Group R-S" (Rourke, 1989), 
"linguistic disorders" (Rourke, 1989), or "language-
disorder" {Ozols & Rourke, 1985) group or subtype. 
Nonverbal Learning Disabilities 
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Myklebust (1975) first used the term "nonverbal 
learning disabilities" to describe one subset of children 
with LD. Included in his description were two social-
emotional characteristics, "disturbed social relationships", 
and an "inability to perceive accurately the meaning of the 
actions of others". While other correlates of nonverbal 
learning disabilities have been described in 
characterizations of various right hemisphere disorders 
(Semrud-Clikeman & Hynd, 1990), the description of a 
specific subtype, termed a "Nonverbal Learning Disability 
Syndrome", or NLD (Rourke, 1987), has resulted in cataloging 
more precisely a subset of children who share distinctive 
features. 
Rourke (1987) initially suggested that the clinical 
incidence rate for NLD was a ratio of 1:20; for every twenty 
children identified as LD using low academics and 
psycholinguistic deficits as criteria, only one child would 
be alternatively classified as NLD. More recently, he has 
increased that estimate of incidence to 1:10, in part 
because the survival rate is much better for children 
exhibiting NLD who also are affected by a variety of 
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neurological disorders. The earliest proposed incidence 
rate of NLD for males to females was 5 or 6:1; the current 
estimated prevalence rate of NLD for males to females is 1:1 
(Rourke, 1989). An associated disorder, developmental 
arithmetic disorder, has no suggested prevalence rate, other 
than it is thought to be lower than the 2-8% of the general 
population rate projected for developmental reading disorder 
(American Psychiatric Association, 1987). 
NLD is characterized in a polythetic way by Rourke 
(1989). Fundamental deficits in perception are thought to 
underlie characteristic cognitive, academic, and social-
emotional impairment. The developmental relationships among 
these various specific deficits are described below. 
Briefly, Rourke (1989) suggests that there is a 
developmental progression of neuropsychological assets and 
deficits which lead to a fairly complex constellation of 
resulting impairment. Primary neuropsychological assets 
(i.e., auditory perception, simple motor skills, rote 
material) and deficits (i.e., tactile and visual perception, 
complex psychomotor and novel task execution) are 
hypothesized to be precursors to the development of 
secondary assets (i.e., auditory-verbal attention) and 
deficits (i.e., tactile and visual attention and exploratory 
behavior). In turn, tertiary assets (i.e., auditory-verbal 
memory) and deficits (i.e., tactile and visual memory, 
concept-formation and problem solving) eventuate. In total, 
verbal assets include phonology, reception, storage, 
associations, and speech output, while verbal deficits 
include the prosody, semantics, content, and pragmatics of 
language. 
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As a consequence of these neuropsychological assets and 
deficits, academic assets are presumed to follow, and 
consist of word decoding, spelling, (later) graphomotor 
skills, and verbatim memory. Academic deficits also ensue, 
and include reading comprehension, mechanical arithmetic, 
mathematics, and science. While the existence of any 
resulting social-emotional assets is questionable, deficits 
in this area are thought to include adaptation to novelty, 
social competence, emotional stability, and activity level 
(Rourke, 1989). 
Pragmatically, then, a child with NLD will exhibit some 
of the following characteristics: (a) an over-reliance on 
the auditory-verbal modality; (b) verbosity without deep 
comprehension of language; (c) an accompanying lack of 
development of the visual and tactile modalities, with 
subsequent deficits in these modalities over time; (d) 
marked difficulty with visual-spatial relationships; (e) 
difficulty with all aspects of non-verbal communication; and 
(f) difficulty with abstract reasoning and novel task 
execution (Rourke, 1989). 
Rourke (1989) suggests that among children who may be 
identified as NLD, those with certain medical conditions 
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might exhibit a greater prevalence of the syndrome than 
those with a general diagnosis of LO but without clear 
neurologic impairment. This is because brain-behavior 
relationships are thought to underlie this particular 
subtype of LO, at least in part. Such medical conditions 
might include children with severe head injury, survivors of 
childhood cancer who received large doses of x-irradiation, 
children with agenesis of the corpus callosum, children who 
have experienced significant tissue removal from the right 
hemisphere, and the majority of children with a 
hydrocephalic condition who were either not treated promptly 
and/or with success (Rourke, 1987). The common thread 
posited by Rourke {1987) to run through these conditions is 
the destruction or disturbance in function of the white 
matter {long myelinated fibers) in the right hemisphere of 
the brain, which has reportedly occurred in all of the 
above. 
Hypothesized Neurological Basis of NLD Symptoms 
Three hypotheses have been proposed to account for NLD: 
(a) right hemisphere deficit disorders, (b) a more global 
white matter dysfunction, or (c) frontal-limbic connections 
often associated with attention deficit disorders. Each of 
these three will be discussed in the following sections. 
Right Hemisphere Deficit Disorders 
NLD is one manifestation of a larger group of so-called 
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"right hemisphere" disorders. Briefly, NLD shares some 
features with other disorders such as Asperger's Syndrome, 
Developmental Gerstmann's Syndrome, Developmental Right 
Parietal Lobe Syndrome, and Pervasive Developmental 
Disorder. Shared features of these disorders are, to 
varying degrees: a delay in visual-spatial skills, delayed 
arithmetic skills, mild delays in reading, lack of facility 
with aspects of nonverbal communication, delayed motor 
development, a typically good vocabulary but concrete speech 
and/or verbosity in social interactions, typically higher 
Verbal than Performance IQ's, social ineptness, and 
attentional problems (Semrud-Clikeman & Hynd, 1990; 
Weintraub & Mesalam, 1983). Asperger's Syndrome and 
Pervasive Developmental Disorder in particular are thought 
to be separate entities from other right hemisphere 
disorders described by Rourke and others in terms of 
severity, incidence, and possible genetic links (Semrud-
Clikeman & Hynd, 1990). NLD as described by Rourke may also 
have unique "markers" within particular domains which might 
also separate it from other right hemisphere disorders. For 
instance, the particular academic pattern of high reading 
and spelling scores, but low math scores, may describe NLD 
but not other similar disorders (DeLuca, Rourke, & DelDotto, 
1991) • 
White Matter Disturbance/Dysfunction 
Certain cognitive and developmental characteristics are 
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hypothesized to underlie the NLD syndrome, leading to its 
presumed behavioral manifestations. These cognitive and 
developmental "markers" are hypothesized to be based on the 
disturbance or destruction in function of white matter in 
the brain. Such disturbance or destruction is thought to 
affect the right hemisphere more so than the left 
hemisphere, because the ratio of white matter (long 
myelinated fibers) to grey matter (short nonmyelinated 
fibers) appears to be greater in the right than in the left 
hemisphere (Gur, et. al., 1980). Additionally, the right 
hemisphere is thought to handle tasks primarily involving 
intermodal integration, such as the ability to direct novel 
task execution, while the left hemisphere is considered to 
handle tasks primarily involving intramodal information 
processing, such as language (Goldberg & Costa, 1981). 
Because of its intermodal connections, the right hemisphere 
is thought to be involved with complex and novel information 
processing tasks, where there is no prior "blueprint", while 
the left hemisphere is more adept at processing short, 
routinized task demands due to its presumed intramodal 
connections. Such left hemisphere task demands have been 
presumably learned and automatized prior to the current 
situation (Rourke, 1987). 
Rourke (1988b) suggests that the more white matter that 
is lesioned, removed, or is dysfunctional, the greater the 
possibility that a person will exhibit symptoms of the NLD 
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syndrome. Further, depending on which developmental stage a 
person is in at the time of the disturbance or destruction, 
the effects of the NLD syndrome will differ. Additionally, 
there is some speculation that there are differences in the 
way that early right hemisphere disruption will affect males 
and females. Because male brains appear to develop more 
slowly from birth, they are more asymmetric than female 
brains; subsequent disruption of white matter may therefore 
have a different and perhaps more pronounced effect for them 
(Semrud-Clikeman & Hynd, 1990). 
Rourke (1988b) postulates that the right hemisphere is 
responsible for two components critical to its functioning: 
(a) "setting up" or developing the necessary connections 
needed between white matter fibers in different areas of the 
hemisphere in order to operate various "programs" 
efficiently (intermodal connections); and (b) keeping these 
connections "tuned up" or maintained in order for such 
programming to continue functioning adequately. This might 
be analogous to a live performance of a symphony; for the 
finished product to be heard harmoniously, a variety of 
microphones and wiring throughout the stage area (right 
hemisphere) need to be connected each time a performance is 
heard. 
In contrast, the left hemisphere is postulated to be 
responsible only for the "setting up" or development of its 
functions, but not for their maintenance. This is 
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presumably due to the diminished amount of white matter in 
the left relative to the right hemisphere. This 
circumstance might be analogous to a tape recording of the 
symphony; once the components have been developed and 
recorded once, no maintenance of "intermodal" wiring is 
needed for future performance. Destruction of other wiring 
within the hemisphere should not affect adequate functioning 
of the "tape", which is located in a very circumscribed area 
(intramodal connections). 
Accordingly, destruction of right hemisphere "wiring" 
or intermodal connections would affect performance of 
"programming" thought to be subserved by the right 
hemisphere, such as the ability to interpret and express 
affect (Voeller, 1986). In contrast, destruction of left 
hemisphere "wiring" should not affect systems that have 
already been acquired, such as language - similar to the 
"tape", once a system is acquired or is intact, it resides 
in a fairly circumscribed area of the hemisphere, and 
continues to perform adequately regardless of destruction or 
dysfunction around it. 
There are three kinds of white matter in the brain: 
commissural fibers (those that connect right with left 
hemispheres, such as the corpus callosum), association 
fibers (those that connect back with front, and connect 
cortical regions within and between lobes within each 
hemisphere), and projection fibers (those that go up and 
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down, such as those fibers which connect the diencephalon 
and brain stem to the cerebral hemispheres) (Rourke, 1988b). 
While destruction or disturbance of any one of these three 
kinds of white matter would be of serious consequence, 
certain medical conditions are thought to have effects upon 
certain kinds of fibers. Hydrocephalus, for example, 
affects primarily commissural (left-right) and projection 
(up-down) fibers, while leaving associational fibers 
relatively intact (Rourke, 1988b). 
In tasks which rely on both hemispheres, even if 
commissural fibers connecting the right and left hemispheres 
are destroyed, the "tapes" of the left hemisphere would be 
left relatively intact, in contrast to the "stage area 
wiring" of the right hemisphere. In reading, for example, a 
child may decode words (a presumed left hemisphere task) but 
may not grasp abstract reasoning associated with inferential 
comprehension (a presumed bilateral or right hemisphere 
task). 
It is only if associational (front-back) white matter 
fibers in the left hemisphere are destroyed at a relatively 
early stage of development of functioning that significant 
negative impact on left hemisphere functions is thought to 
ensue. This would be analogous to a "tape" being recorded 
the first time; if the "wiring" is destroyed before the tape 
can be completed, its functioning will then be impaired 
permanently. For example, Rourke (1989) hypothesizes that 
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early white matter destruction of the left hemisphere 
language systems may be one major component in the 
development of autism, because the child has never been able 
to acquire natural language in the first place. 
Destruction or disturbance of white matter specific to 
the right hemisphere is hypothesized to lead to a whole 
range of behavioral manifestations (e.g., Shapiro, Lipton, & 
Krivit, 1992). Rourke (1989) suggests that because a child 
exhibiting the NLD syndrome is unable to acquire certain new 
descriptive systems or "blueprints" which rely at least in 
part on intact right hemisphere functioning (e.g., 
constructional abilities, affective behavior, and the 
control of speech prosody in all aspects of communication 
(Weintraub & Mesulam, 1983)), an overreliance on older 
routinized descriptive systems (e.g., natural language which 
has become automatized) develops; these systems then "fill 
in" to deal (often inappropriately) with current situational 
demands. Therefore, as a child exhibiting NLD approaches 
puberty and the development of formal operational thought, 
he or she is at increased risk of handicap in the 
development of adequate adaptational functioning related to 
higher order cognitive functioning. This is because such 
higher order functioning is presumably based on intermodal 
connections not ever acquired due to the presence of the NLD 
syndrome since early infancy (Rourke, 1988b). 
Specifically, as the child with NLD develops and grows, 
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he or she is not able to "take in" and utilize feedback from 
the environment to help with requirements for increasingly 
sophisticated interpersonal interactions and task demands, 
with exploring the world, and with developing concomitant 
realistic schemata about the world. 
Over time, a child challenged with this syndrome may 
become increasingly rejected by peers, in large part due to 
the difficulty in communicating effectively. Subsequently, 
a lack of adequate adaptational functioning presumably leads 
to the increased presence of an internalized pattern of 
behavior. Such an escalation may lead not only to social 
isolation, withdrawal, and depression, but possibly, in the 
extreme, to suicide in adolescence or young adulthood 
(Bigler, 1989; Fletcher, 1989; Kowalchuk & King, 1989; 
Rourke, Young, & Leenars, 1989). While current evidence for 
the hypothesized connection between NLD and suicide consists 
of case studies, the need for further exploration of such a 
relationship has been proposed (Bigler, 1989; Rourke, 1989). 
NLD and ADD: An Overlap? 
It is possible that right hemisphere and/or white 
matter dysfunction associated with NLD may at least overlap 
with attention deficit disorders, which are often regarded 
as having a connection with frontal lobe, and more 
specifically right frontal lobe, involvement (Heilman, 
Voeller, & Nadeau, 1991). For example, Badian and 
Ghubilikian (1983} found that children who were good readers 
but poor at math computation (one characteristic of NLD) 
were also often inattentive and disorganized. 
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The shift in nosology of the DSM III-R (American 
Psychiatric Association, 1987) to incorporate previously 
separated entities of Attention Deficit Disorder with 
Hyperactivity (ADHD) and Attention Deficit Disorder without 
Hyperactivity (ADD/WO) has drawn some criticism from 
researchers (Hinshaw, 1992; Epstein, Shaywitz, Shaywitz, & 
Woolston, 1991). Currently, the only contrasting category 
to ADHD used in the DSM III-R (American Psychiatric 
Association, 1987) is an entity termed undifferentiated 
attention deficit disorder (UADD). An important distinction 
between ADD/WO (DSM-III) and UADD (DSM III-R) is that both 
inattention and impulsivity were required components of 
ADD/WO, while only inattention must be a component of UADD 
(Goodyear & Hynd, 1992). Therefore, these two categories 
may classify somewhat different groups of children. 
A shift back to previous differentiations between the 
two categories of ADHD and ADD/WO has been proposed in the 
construction of the DSM IV (Epstein, Shaywitz, Shaywitz, & 
Woolston, 1991). In contrast to ADHD, often associated with 
behavioral factors, it has been suggested that ADD/WO might 
be more a function of inattention secondarily associated 
with cognitive factors (Goodyear & Hynd, 1992) and/or with 
NLD (Epstein, et. al., 1991), in part because of Rourke's 
description of the syndrome, which includes visual and 
24 
tactile attentional deficits (Rourke 1988b). In addition, 
ADD/WO may be more associated with an internalized than an 
externalized behavioral presentation, in contrast to an 
opposite pattern for ADHD (Goodyear & Hynd, 1992). Further 
research is needed to determine whether ADD/WO is in fact a 
valid category, and to what extent NLD and ADD/WO might 
typically co-occur. 
Classification Issues 
The clinical incidence for undifferentiated LD, which 
includes children with concomitant diagnoses of ADHD and LD, 
is thought to be about 2 to 8% for children (Beitchman, 
Inglis, & Schachter, 1992). The methodology used in the 
classification of children with LD in general and within 
subtypes in particular has not been systematic or easily 
replicable (Fletcher & Morris, 1986; Morris, 1988). Early 
efforts to describe more specifically children sharing the 
general label of LD were often characterized by a clinical-
inferential approach: such categories were often rationally 
derived and/or descriptive in nature (e.g., Mattis, French, 
& Rapin, 1975). These studies often resulted in groupings 
of children which could not be consistently replicated 
(e.g., Boder, 1973). 
While clinical-inferential models may be more 
intuitively appealing, the validity and reliability of 
resultant subtypes remains in question. Statistically-based 
models are perhaps more easily replicable and less prone to 
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the bias which may be inherent in the identification of 
preselected clinical samples (Satz & Morris, 1981). It has 
been suggested that using a combination of clinical-
inferential and statistical approaches can improve 
prediction efforts in general (Yaniv & Hogarth, 1993), and 
may improve LD subtype classification efforts in particular 
(DeLuca, Adams, & Rourke, 1991). 
Recently, clinical-inferential methodology used in LD 
subtyping has increasingly incorporated empirical data in 
deriving subtypes (e.g., Nolan, Hammeke, & Barkley, 1983). 
Such classification approaches have been conducted using a 
priori decision rules, typically in one of three areas: (a) 
academic (Nolan, Hammeke, & Barkley, 1983; Rourke & 
Finlayson ,1978; Rourke & Strang, 1978; Share, Moffitt, & 
Silva, 1988; Strang & Rourke, 1983); (b) neuropsychological 
(Lyon, 1982; Morgan & Brown, 1988; Petrauskas & Rourke, 
1979); or (c) a combination of academic and 
neuropsychological (Doehring, Hoshko, & Bryans, 1979; Ozols 
& Rourke, 1985). Strictly empirical approaches have also 
been utilized by Rourke and others, where no a priori 
decision rules are used in generating subtypes (e.g., Bender 
& Golden, 1990; DeLuca, Rourke, & DelDotto, 1991; Fuerst, 
Fisk, & Rourke, 1989; Satz & Morris, 1981; Williams, 
Gridley, & Fitzhugh-Bell, 1992). It should be noted that, 
whether or not a priori decision rules are made, differing 
exclusion criteria are generally employed to establish 
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eligibility for initial participation in any study of 
children with LO (Rourke, 1985). For example, those 
children exhibiting features of mental retardation or severe 
developmental delay would be excluded from a study of LO 
children. 
Children who have been classified using an academic 
functioning dimension in particular have been categorized by 
Rourke (1989) and others (e.g., Nolan, Hammeke, & Barkley, 
1983) as having either: (a) relatively high reading and 
spelling scores, accompanied by markedly deficient math 
scores; (b) relatively impaired math scores, accompanied by 
severely impaired reading and spelling scores; or (c) 
markedly deficient scores in all three areas. Recent 
preliminary support has been found for a subtle academic 
distinction between NLD (which is academically portrayed by 
(a) above) and Developmental Output Failure (DOF) children 
(Levine, Oberklaid, & Meltzer, 1981), where the latter is 
defined as having relatively high reading scores, but 
notably deficient spelling and math scores. It is possible 
that DOF may be one subtype of NLD (DeLuca, Rourke, & Del 
Dotto, 1991). Alternatively, other studies have cataloged 
similar patterns of academic differences as those listed in 
(a) through (c) above using only reading and math scores, 
while omitting spelling scores (e.g., Share, Moffitt, & 
Silva, 1988). 
Within the academic dimension, reading has been 
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variously defined operationally as consisting only of 
reading decoding and recognition abilities (e.g., Rourke & 
Finlayson, 1978), only of reading comprehension abilities 
(e.g., Share, Moffitt, & Silva, 1988), or of both reading 
decoding and reading comprehension abilities (e.g., McKinney 
& Speece, 1986; Mitterer, 1982). There has been some 
controversy over the use of reading comprehension tests as a 
"pure" measure of reading ability (Seigel, 1989). 
Similarly, math has been defined operationally as arithmetic 
computation only (e.g., Rourke, 1989), or as math 
applications combined with arithmetic computation (e.g., 
Share, Moffitt, & Silva, 1988). 
With the exception of the use of IQ tests, the neuro-
psychological dimension of LD classification has perhaps 
been less controversial with respect to how different terms 
are operationalized. For example, when bilateral tactile-
perceptual deficits are operationalized (e.g., Casey, 
Rourke, & Picard, 1991), there is a fair amount of clarity 
as to what this term means. The controversy that 
accompanies the use of IQ tests is largely based on their 
use as a part of IQ-achievement discrepancy formulas 
employed to identify children as LD in general (Cone & 
Wilson, 1981; Reynolds, 1984-1985). This issue is not 
relevant to this study, because children will not be 
classified on the basis of IQ-achievement discrepancies. 
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Behavioral Subtyping 
Internalized & Externalized Defined 
Establishing typologies for LO subtypes using a social-
emotional as well as a neuropsychological and/or an academic 
dimension is a fairly recent development in the quest for 
comprehensive descriptions of subtype "markers" (e.g., 
McKinney & Speece, 1986; Nussbaum & Bigler, 1986; Rourke, 
1988a; Voeller, 1986). Behavioral assessment instruments 
which are empirically derived have helped to define factors 
that are specific to childhood psychopathology. Prominent 
among these characterizations has been the delineation of 
two "broad-band" patterns of behavior, the internalizing and 
externalizing disorders. 
Briefly, behaviors characterized by somatic complaints, 
fears, worrying, anxiety/depression, and social withdrawal 
have been termed an internalizing, or overcontrolled 
behavioral pattern, and include problems within the self 
(Achenbach, 1982, p. 35). The prevalence rate among 
children and adolescents in the general population for one 
major component of this pattern, depressive disorders, has 
been estimated to be between 1 to 6%. While most studies 
have not found sex differences in younger children (LaGreca, 
1990), adolescent females have shown higher rates of 
depressive disorders than males (Beitchman, Inglis, & 
Schachter, 1992). 
A second set of behaviors, characterized by 
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impulsivity, noncompliance, aggression, and overactivity has 
been termed an externalizing, or undercontrolled behavioral 
pattern, and includes problems with the social and physical 
environment (Achenbach, 1982, p. 35; Hinshaw, 1992). 
Attention deficit disorders are often included conceptually 
as one component of the externalizing disorders. Prevalence 
rates for hyperactivity are estimated to be 3% to 6% for 
school-aged populations (American Psychiatric Association, 
1987), with an approximate male-female ratio of between 2:1 
and 3:1 (Beitchman, Inglis, & Schachter, 1992). An 
associated behavioral problem, conduct disorder, has been 
estimated to be approximately 9% in boys and 2% in girls 
(American Psychiatric Association, 1987), with an 
approximate male-female ratio of between 3:1 and 4:1 
(Beitchman, Inglis, & Schachter, 1992). Recent revisions of 
the CBCL (Achenbach 1991) separated the Attention Problems 
from the Externalized scale, since attention deficits can be 
differentiated from conduct disorder, aggression (Hinshaw, 
1992), and externalized disorders, as previously described; 
alternatively, all three may be co-morbid (Barkley, 1990). 
Particular behavioral measures have ''internalized" or 
"externalized" factors consisting of sets of behaviorally 
specific items that may operationally define these two 
patterns somewhat differently. The two most widely used 
measures, the Child Behavior Checklist (CBCL) (Achenbach, 
1993) and the Personality Inventory for Children (PIC) 
30 
(Wirt, Lachar, Klinedinst, & Seat, 1977), will be discussed 
next. 
Internalized and Externalized: Operational Definitions 
Two major dimensions of childhood psychopathology 
described above, internalizing and externalizing disorders, 
may be defined empirically somewhat differently than 
conceptually. The Child Behavior Checklist {CBCL) 
(Achenbach, 1991), which is an empirically developed 
assessment instrument, operationalizes "Internalized 
Behavior Problems" on the basis of particular item and 
subscale loadings (through principal factor analysis). These 
subscale, or syndrome scales, include: Withdrawn, Somatic 
Complaints, and Anxious/Depressed. The "Externalizing 
Behavior Problems" factor for the CBCL is likewise 
operationalized based on item and subscale loadings. These 
syndrome scales include: Aggressive Behavior and Delinquent 
Behavior. Attention Problems is a separate scale which did 
not load highly enough on the Externalizing Factor in 
particular and either factor in general to be included in 
those factors. In support of this delineation, Hinshaw 
{1992) suggests that higher order factor loadings for the 
externalizing disorders have subdivided inattentive and 
impulsive actions as separate from defiant, aggressive, and 
antisocial behaviors on the basis of both internal and 
external criteria. Prior research supports this distinction 
between ADD and conduct disorders, as noted previously 
(Loney & Milich, 1982; Milich, Roberts, Loney, & Caputo, 
1980). The CBCL is regarded as an excellent empirically 
derived instrument (Barkley, 1991). 
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The Personality Inventory for Children {PIC), a 
rationally and empirically-derived instrument, also yielded 
internalizing and externalizing groupings of behavior on the 
basis of principal component factor analysis. The following 
subscales made up the internalized grouping: Depression, 
Withdrawal, Anxiety, Social Skills, Psychosis, and an 
Internalized subscale. Subscales comprising a second 
grouping of behaviors, termed externalized, are: 
Delinquency, Asocial Behavior, Family Relations, Sex Role, 
Delinquency Prediction, and an Externalized subscale. A 
Hyperactivity scale did not load on either grouping of 
behaviors, but together with subscales of Excitement, 
Aggression, Introversion-Extroversion, Cerebral Dysfunction, 
and Reality Distortion, formed a third broad band grouping 
of behaviors termed Activity Level. A visual inspection of 
items comprising the Hyperactivity scale of the PIC shows 
much similarity to the DSM III-R (American Psychiatric 
Association, 1987) criteria for ADHD. One criticism of the 
PIC relative to its use in research has been a true-false 
scoring procedure; neither frequency nor severity of a 
particular problem can be ascertained, unlike the CBCL, 
which uses a three-point scale for each item response 
(Barkley, 1991). 
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Towards a Theoretical Model for Comprehensive Subtyping 
The association that social-emotional disturbance has 
had with learning disabilities in general may be categbrized 
in one of three ways: either social-emotional disturbance 
causes LD, LD causes social-emotional disturbance, or 
social-emotional disturbance is associated with primarily 
academic aspects of LD, both of which are the result of 
underlying cognitive processing abilities and deficits 
(Rourke & Fuerst, 1991). Each of these three positions has 
been supported in the literature, with the third position 
getting increasing "play" in recent research (Rourke, 
1988a). 
The need for LD subtyping based on a thorough 
delineation of academic, neuropsychological, and personality 
functioning variables has become increasingly evident. In 
studies where undifferentiated groups of LD children were 
compared to undifferentiated groups of "normal" learners, 
within group differences were probably often overlooked 
(Morris, 1989; Rourke, 1988a; Satz & Morris, 1981). 
Children classified more adequately into subtypes based 
on shared features might well benefit from more specific and 
effective prevention and remediation efforts. Subtype by 
treatment interactions may help to confirm the external 
validity of specific subtypes, and have already begun in the 
educational sphere (Lyon & Flynn, 1991). Such interactions 
which are also specific to social-emotional issues may be 
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especially important for children at risk for developing 
social-emotional disturbance in general and internalizing 
disorders in particular (Fletcher, 1989). Children with NLD 
are considered to be among these children, for reasons which 
follow. 
Attempts to distinguish particular patterns of central 
processing abilities and deficits which may be associated 
with distinct patterns of social-emotional disturbance have 
proven somewhat fruitful (Fuerst, Fisk, & Rourke, 1989; 
Mcconaughy & Ritter, 1986; Voeller, 1986), yet are not 
limited only to relationships between NLD and the 
internalized disorders (Hinshaw, 1992}. Interestingly, 
Rourke's VLD children tend to be characterized by normalcy 
in the social-emotional area; in one recent study, they were 
shown to exhibit identical social-emotional profiles to a 
"normal" control group (Strang & Rourke, 1985}. Rourke 
(1988a) suggests that this is not to say that no VLD 
children experience social-emotional disturbance, but rather 
that something other than psycholinguistic deficits alone 
accounts for any such problems which may emerge. 
In contrast to Rourke's findings, other research has 
suggested that VLD children are often characterized 
primarily by hyperactivity and/or externalized disorders 
(e.g., Hinshaw, 1992; Beitchman, Hood, Rochon, & Peterson, 
1989; Beitchman, Inglis, & Schacter, 1992), although there 
is some evidence that where there is early language delay, 
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internalized disorders may alternatively develop (Hinshaw, 
1992). It is possible that the particular instrument used 
by Rourke to determine externalized and internalized 
behaviors, the Personality Inventory for Children (Wirt, et 
al., 1977), may yield different results than scales used by 
other researchers. 
Research which has associated NLD children with the 
development of internalized disorders either in addition to 
(Casey, Rourke, & Picard, 1991) or in lieu of externalizing 
disorders (Rourke, 1987} needs to be replicated. Currently, 
this proposed relationship is based on relatively small 
sample sizes. One possible outcome of continued exploration 
in this area might be the development of effective subtype 
by treatment interactions specific to the development of 
social-emotional skills for these children. 
LO Prevalence in MM Children 
One group of children who have a neurologic disorder 
are children with neural tube defects. These children have 
congenital malformation of the vertebrae and spinal cord 
(Charney, 1992). The incidence of neural tube defects in 
the United States is thought to be 1 in 1,000. The most 
serious type is one kind of spina bifida called 
myelomeningocele, or MM. 
Spina bifida involves a malformation of the bones in 
the spinal column. The MM subtype involves a sac filled 
with fluid which protrudes from the spine (like a small 
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balloon) and which contains a malformed part of the spinal 
cord (Charney, 1992). Children with MM also have 
malformations of the brain, usually a particular 
configuration termed an "Arnold-Chiari type II malformation'' 
of the hindbrain. Because this particular malformation 
disrupts the normal flow of cerebrospinal fluid (CSF), 
ventricles in the brain become enlarged, resulting in 
hydrocephalus. It is estimated that between 60-95% of 
children with MM develop hydrocephalus, particularly those 
who have higher-level lesions. Shunting usually follows 
quickly, often in the first few weeks of life; a valve is 
placed (usually through the right parietal lobe) in one of 
the enlarged ventricles to drain CSF, usually to the stomach 
cavity (Charney, 1992). 
Disabilities associated with spina bifida include 
heterotopias, cerebellar dysfunction, callosal dysgenesis 
(Wills, 1993), impaired mobility, musculoskeletal 
deformities, spinal curvatures, bladder and/or bowel 
dysfunction, and visual and cognitive deficits (Charney, 
1992). In particular, it is estimated that two-thirds of MM 
children fall within the normal range of intelligence, with 
one-third in the mild mental retardation range. Hyperverbal 
behavior and various neuropsychological deficits are also 
often involved (Wills, 1993). 
Speech development in MM children usually follows a 
normal developmental pattern. If there is also mental 
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retardation present, many of these children may exhibit a 
particular kind of hyperverbal behavior which is termed 
Cocktail Party Speech {CPS}, characterized by irrelevant and 
verbose speech, poor language comprehension, and social 
disinhibition {Charney, 1992). 
Memory deficits per se are not thought to be 
characteristic of MM children. While the ability to focus 
and sustain attention for rote tasks may be normal, 
difficulty may ensue for sequencing and executive 
functioning tasks which demand more active and complex 
involvement {Wills, 1993). Visual motor functioning, 
perceptual organizational abilities, attention, and speed of 
motor response may additionally be affected in MM children 
{Wills, Holmbeck, Dillon, & McLone, 1990). 
Underlying these deficits, possible disturbance in or 
destruction of white matter similar to the NLD syndrome may 
be involved which is specific to an MM population. 
Presumably, right hemisphere intermodal tracts may be 
disrupted as a result of either: {a) corpus callosum 
dysgenesis or malformation due to its stretching as a result 
of hydrocephalus, which would disrupt commissural {left-
right) fibers; {b) shunting, most often done through the 
right parietal lobe, which would affect projection fibers 
{up-down) as well as right hemisphere grey matter; and/or 
{c) disrupted growth of association fibers {back-front), due 
to early enlarged ventricles {Wills, et al., 1990). 
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According to Rourke's (1989) hypothesis stated 
previously, the disruption of association fibers would not 
be specific to the right hemisphere, but would be more 
global, and therefore would also presumably affect left 
hemisphere functioning. If the disruption occurred early 
enough in the child's development, it might well lead to 
language dysfunction, possibly including autism, but in fact 
this is not seen. Interestingly, though association fiber 
disruption for MM children would most likely occur in 
infancy, their speech development is thought to follow a 
normal developmental progression, as stated previously 
(Wills, 1993). It is possible that such disruption may not 
be of a magnitude to result in major language dysfunction; 
alternatively, it may be that autism and other primarily 
left hemisphere language disorders may be affected in a 
different way than Rourke hypothesized, or not at all. For 
example, a pattern of hyperverbal behavior termed "Cocktail 
Party syndrome", where conversation is characterized by 
verbosity and pragmatic deficits, is thought to co-occur in 
children with NLD (Stough, Nettlebeck, & Ireland, 1988). 
In one recent study of children with MM, academic and 
neuropsychological deficits were described which were 
similar to the pattern exhibited by children with NLD as 
described by Rourke (1987) (Wills, et al., 1990). In 
particular, Performance IQ and math calculation scores were 
increasingly lower whereas reading and spelling skills 
38 
improved with age. Findings from another study, conducted 
with hydrocephalic children, yielded a similarly low 
Performance IQ as compared to a Verbal IQ. In the second 
study, visuospatial skill deficits were only subtly apparent 
(Donders, Rourke, & Canady, 1990). It is not clear whether 
these components of academic and neuropsychological profiles 
of MM and hydrocephalic children can be thought of as a 
result of disruption of white matter (DelDotto, Barkley, & 
Casey, 1989; Fletcher, Thompson, & Miner, 1989}, or of more 
limited involvement of right parietal grey and white matter, 
which presumably is affected due to shunting in the great 
majority of MM children (Wills, et al., 1990). 
Finally, in a study of psychosocial adjustment for a 
group of children with spina bifida, findings suggest that 
this group of children may be at risk for adjustment 
problems, but that only a small percentage might be 
considered to be clinically maladjusted. As compared to an 
expected population prevalence of 10% for maladjusted 
behaviors, 16% of MM children exhibited clinically elevated 
internalized problem scores, while 19% exhibited clinically 
elevated externalizing problem scores (Wallander, Feldman, & 
Varni, 1989). Further research efforts are needed which 
might shed light on similarities and differences in 
academic, neuropsychological, and social-emotional 
functioning between this group and children with NLD who do 
not have a physical handicap. The central focus of this 
study is to provide such an exploration between groups of 
children identified with both NLD and VLD with the purpose 
of illuminating such similarities and differences in the 
social-emotional area in particular. 
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CHAPTER III 
METHOD 
Subjects 
280 children ages 5 1/2-17 were identified who had been 
evaluated at least once at a major children's hospital in 
Chicago from 1982-1993 in relation to one of two conditions: 
(a) suspected learning disabilities (LD), or 
(b) myelomeningocele (MM), a birth defect which carries a 
high rate of learning disabilities. Of the total sample, 
121 children were seen in a learning disabilities (LD) 
clinic, and were referred by either parents or teachers due 
to suspected learning disabilities, and 159 children were 
seen in an MM clinic, and were referred by physicians in 
order to systematically re-evaluate them to screen for any 
emerging learning problems. Virtually all children who were 
evaluated lived in counties within the Chicago metropolitan 
area, including portions of northern Illinois and northwest 
Indiana. 
The evaluation of the children with suspected LD was 
done by a team consisting of a pediatric neuropsychologist, 
an educational diagnostician, a speech and language 
diagnostician, and a psychiatrist. The evaluation of the 
children with MM was done by a pediatric neuropsychologist, 
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time; not all children were evaluated by the same team 
members. 
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To be included in the study, children seen in either 
clinic had to meet the following general criteria: the 
absence of {a) mental retardation, (b) severe or persistent 
seizure activity, (c) psychosis, (d) primary visual and/or 
auditory acuity deficits; the presence of (a) a Full-Scale, 
Verbal, or Performance IQ score of at least 80; (b) a 
chronological age of at least 5 1/2 and at most 17 years at 
the time of their initial and subsequent evaluations, 
(c) academic assessment results; and parental completion of 
the CBCL (Achenbach, 1991) at the time of the initial 
evaluation. 
Using these criteria, a total of 98 children from the 
LD clinic and 46 children from the MM clinic were selected 
for initial inclusion in the study. 
Measures 
The clinical evaluations typically included tests of 
Verbal and Performance IQ, and reading and math tests. Not 
all children were administered the same academic tests. 
Table 21 lists the tests that were given to the LD and MM 
children. Additionally, non-standardized, clinical, 
narrative statements made by at least one member of the team 
within the context of the neuropsychological report were 
used to augment standardized instruments for the purpose of 
clinical classification of VLD and NLD subtypes. Technical 
descriptions of all instruments used in this study are 
included in Appendix A. 
Procedure 
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The establishment of an archival database was begun 
over the spring and summer of 1992 for children seen in both 
clinics. A part of this archival collection included: (a) 
obtaining approval from the Children's Memorial Hospital's 
(CMH) and Loyola University's Institutional Review Board for 
data collection, (b) gathering all relevant 
neuropsychological report protocols for both LO and MM 
children assessed at CMH, (c) developing a coding sheet for 
the purpose of transferring relevant information from the 
neuropsychological reports and raw test forms for computer 
storage and analysis, (d) mailing a letter to parents of all 
living children currently being followed in either the LO or 
the MM clinic. For purposes of one part of this study, 
parents were requested: (a) to complete a second CBCL 
(Achenbach, 1991) so that each child's current level of 
behavioral functioning could be assessed, and (b) to sign a 
"Consent for Participation in Research Project". Parents 
were provided a self-addressed stamped envelope for the 
return of the requested materials. 
The initial test information was first coded and then 
entered into a computerized database. In order to protect 
each child's privacy, information which could be used to 
identify a specific individual or family was maintained in a 
separate "master file" available only to the primary 
investigators and the Clinic Coordinators. 
The database resulted from information gathered from 
the neuropsychological reports previously mentioned, and 
included the following information [where (LD) or (MM) is 
listed, that information was available only for children 
seen in that clinic]: 
1. Database code number and rater number; 
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2. Demographic information: date of birth, latest date 
tested, sex, race, grade in school (LD), parental 
occupation, siblings (LD), handedness (LD); 
3. Medical history information: e.g., diagnosis, 
frequency of shunt placements, infections, and 
revisions, level of lesion (MM), specific treatment 
variables related to child development (e.g., type 
and frequency of educational intervention made by 
the school (LD)); 
4. Neuropsychological test scores, including age of 
child, dates tested, names of all tests 
administered on each date, and scores on the 
following tests: (a) the WISC-R or WISC-III IQ test, 
(b) the WRAT and WRAT-R academic test, (c) the WRMT 
and WRMT-R reading tests, (d) the K-TEA-Brief 
academic test, (e) the Keymath Diagnostic Arithmetic 
Test, (f) the Woodcock-Johnson-Revised Tests of 
Academic Achievement, and (g) the PIAT and PIAT-R 
academic tests. (See Appendix A for references and 
test descriptions. Speech and language tests were 
entered but not utilized in the present 
investigation.) 
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5. Social-emotional functioning, as operationalized 
by CBCL scores for Internalizing, Externalizing, and 
Attention Problem areas, as well as for any DSM 
III-R diagnosis made (LO). 
Data Entry 
The data were coded from the neuropsychological reports 
by trained undergraduate volunteer research assistants onto 
coding sheets designed by the principal investigator. Each 
volunteer was assigned a rater number, and was trained in 
how to read and transfer standard scores, percentiles, 
and/or age and grade equivalents from each test listed in 
the neuropsychological report to the coding sheet. Based on 
the suggestions of the volunteers during the weekly training 
sessions, the coding sheet was modified by the principal 
investigator for ease in data gathering and reporting. 
Once trained, raters coded approximately 5 cases, which 
were then checked during a final training session. Upon 
completion, every case in the LO sample was coded 
independently by two raters, as an initial step to determine 
reliability of entries. All volunteers were trained to 
respect and maintain subjects' confidentiality (e.g., 
refrain from any discussion of subject information outside 
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of the training sessions). A similar procedure was followed 
in the training of coders for the MM sample. 
A second, overlapping set of undergraduate volunteer 
research assistants then transferred the above information 
from the coding sheets to a computerized format. 
The two coded data sets for each subject were then 
compared by the principal investigator to determine accuracy 
of coding and data entry. Where there were discrepancies 
between the two sets of data, the original report was 
consulted and such discrepancies were corrected. All data 
were inspected for "outliers" or other obvious consensual 
coding errors and were corrected by the principal 
investigator. 
Scoring information which was not codified in the same 
metric (i.e., a test might be entered using standard scores 
in one case and percentiles in another) was re-codified by 
the principal investigator by consulting test manuals and 
substituting equivalent scores so that all scores were in 
the same (standard score) format for intelligence tests and 
the same (percentile) format for achievement tests. A 
standard score format was used for intelligence test scores 
in order to replicate the cognitive portion of Fuerst, Fisk, 
and Rourke's (1991) and Ozols and Rourke's (1985) standard-
score discrepancy cutoffs, which were used in this study to 
derive two of three actuarial schemes for inclusion in 
either a VLD or NLD group, either wholly or in part. A 
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percentile format was chosen for achievement test scores in 
order to replicate the academic portion of Ozols and 
Rourke's (1991) percentile-based cutoff scores, which were 
used to derive two of three actuarial schemes, either wholly 
or in part. 
Classification Criteria 
Clinical 
The first subtyping classification approach employed 
was clinical, and was attained by the consensual agreement 
of two experienced raters, a graduate student in counseling 
Psychology with neuropsychological training and a licensed 
clinical neuropsychologist. Agreement was based on reading 
the entire narrative clinical psychological report for each 
case, including background information, academic, language 
(LD), neuropsychological, and psychiatric screening (LD) 
report data. Additionally, raters looked through the 
narrative of each section of the psychological report to 
distill qualitatively any information which might support 
presumed characteristics of an NLD or VLD subtype. Where 
there were one or two characteristics of one subtype 
present, with a preponderance of characteristics of the 
other subtype, a "judgement call" was made on the part of 
each rater, to either: (a) include the child in the subtype 
with the preponderance of features, or (b) if the 
overlapping characteristics from the other subtype were 
deemed to be moderate to severe, to exclude the child from 
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further participation in this clinical classification aspect 
of the study. It should be noted that most, but not all of 
the characteristics listed below must have been present for 
the child to be categorized in one group or the other. 
These characteristics are based conceptually on Rourke's 
description of the NLD Syndrome (Rourke, 1987). 
Nonverbal Learning Disabilities 
1. A Verbal-Performance discrepancy in IQ in the direction 
of Verbal over Performance, which presumably increases 
with age. 
2. A pattern of academic discrepancies noted between math 
and reading abilities, with fairly significant math 
impairment in the presence of relatively normal reading 
and (less so) spelling ability. Typically, reading 
recognition should be higher than reading comprehension, 
especially as age of the subject increases. Spelling 
errors should typically be phonetically accurate, as the 
problem is probably not with phoneme-grapheme 
relationships, but with the visual "gestalt" of the 
word. 
3. Visual-spatial difficulties, as described in narrative 
form and/or as indicated by test scores on the VMI, the 
Rey-Osterreith in conjunction with the VMI, and/or the 
Block Design, Object Assembly, and/or Coding subtests of 
the WISC-R or WISC-III. 
4. Language difficulties of a pragmatic nature, including 
hyperverbal behavior, irrelevant conversation, and/or 
"flat" prosody of language noted qualitatively in the 
report. 
5. Motoric awkwardness. 
6. Poor problem solving ability and concept formation. 
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7. Difficulty with novel and unfamiliar tasks (e.g., "new 
learning" in contrast to "hold" tests of the WISC-Rand 
WISC-III). 
8. Difficulty with social skills, particularly with 
nonverbal communication cues (ie., poor eye contact, 
body :ianguage) . 
9. At least one of the following DSM III-R diagnoses (note 
that these are contributory but not necessary or 
sufficient criteria): 
(a) 315.10 Developmental Arithmetic Disorder, where 
this diagnosis is based on "perceptual" skills as 
described in the DSM III-R; 
(b) 315.90 Specific Developmental Disorder Not Otherwise 
Specified, where academic development affected is in 
the math area in particular; 
(c) 315.40 Developmental Coordination Disorder, where 
motor development is markedly delayed; 
(d) Either 314.01, Attention-Deficit Hyperactivity 
Disorder (at a younger age), or 314.00, 
Undifferentiated Attention-Deficit Disorder, where 
one distinguishing feature is inappropriate and 
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marked inattention that is not a symptom of another 
disorder, as described in the DSM III-R. 
Verbal Learning Disabilities 
1. A Verbal-Performance discrepancy in IQ in the direction 
of Performance over Verbal. 
2. A pattern of discrepancies noted between math 
computation and reading abilities, with math 
computation, while relatively impaired, still being 
substantially higher than reading recognition and 
spelling. Typically, reading recognition will be lower 
than reading comprehension, and will be more impaired 
than spelling. 
3. Evidence of substantial receptive and/or expressive 
language difficulties, as manifested in narrative 
description and/or in standardized test results in the 
areas of receptive (PPVT-R) or expressive (EOWPVT) 
vocabulary, and/or in receptive or expressive language 
functioning (CELF-R, TOLD, Zimmerman Preschool 
Language Scale, TACL-R). 
4. Minimal or no visual-spatial difficulties, as manifested 
on the VMI, the Rey-Osterreith in conjunction with the 
VMI, and/or the Block Design, Object Assembly, and/or 
Coding subtests of the WISC-R or WISC-III. 
5. Little if any difficulty with novel or unfamiliar tasks 
(e.g., "new learning" in contrast to "hold'' tests of the 
WISC-Rand WISC-III). 
6. At least one of the following DSM III-R diagnoses 
(again, these are contributory but not necessary or 
sufficient criteria): 
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(a) 315.00 Developmental Reading Disorder, where 
characterized by impairment of reading recognition 
moreso than reading comprehension as age increases; 
(b) 315.31 Developmental Expressive Language Disorder, 
where nonlinguistic functioning is within normal 
limits, as described in the DSM III-R; 
(c) 315.31 Developmental Receptive Language Disorder, 
where it is substantially below a standardized 
measure of nonverbal intellectual capacity, as 
described in the DSM III-R; 
(d) 315.39 Developmental Articulation Disorder, where 
there is consistent failure to use speech sounds 
which are developmentally appropriate, as described 
in the DSM III-R; 
(e) 314.01 Attention-Deficit Hyperactivity Disorder, as 
described in the DSM III-R. 
All cases where neither set of clinical 
classification criteria were met, or where there was no 
clear preponderance of either type, were then excluded from 
this portion of the study. 
Actuarial 
A second subtyping classification approach utilized was 
actuarial, and was based solely on quantitative criteria, in 
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order to assign children from the MM and the LD clinics 
separately to a VLD, NLD, or Other group. As with the first 
classification approach, children placed in the Other group 
were then excluded from particular actuarial-based groupings 
in this portion of the study. 
The reason for using three different actuarial 
classification schemes is that existing literature provides 
no good rational basis for choosing between them. By 
looking at the data in all three ways the present sample can 
be compared to different previous studies of 
neuropsychological, academic, and behavioral clusters. 
Symptomatology making up a "core" NLD group is 
specified as follows: 
Nonverbal Learning Disabilities 
IQ only: 
1. cognitive ability scores, as operationalized by the 
WISC-R or the WISC-III, where there is a 
discrepancy in the direction of Verbal over 
Performance scale by at least 10 points (Fuerst, 
Fisk, & Rourke, 1990); 
Academic only: 
1. academic test scores where combined math computation 
and application scores are less than or equal to the 
34th percentile, and reading scores are greater than 
or equal to the 45th percentile. Math scores are at 
least 25 centile points lower than reading scores 
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(Ozols & Rourke, 1991}. 
IQ & Academic: 
1. cognitive ability scores, as operationalized by the 
WISC-R or the WISC-III, where there is a discrepancy 
in the direction of Verbal over Performance scale by 
at least 10 points; and 
2. academic scores where the combined math score is 
equal to or less than the 25th percentile (Ozols & 
Rourke, 1985}. 
As defined in this study, a "core" VLD group was 
specified by criteria for inclusion, which were as follows: 
Verbal Learning Disabilities 
IQ only: 
1. cognitive ability scores, as operationalized by the 
WISC-R or the WISC-III, where there is a discrepancy 
in the direction of Performance over Verbal scale by 
at least 10 points (Fuerst, Fisk, & Rourke, 1990}; 
Academic only: 
1. academic test scores where reading scores are less 
than or equal to the 16th percentile, while the 
arithmetic score is less than or equal to the 34th 
percentile, while being at least 10 centile points 
higher than reading and spelling (Ozols & Rourke, 
1991} . 
IQ & Academic: 
1. cognitive ability scores, as operationalized by the 
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WISC-R or the WISC-III, where there is a discrepancy 
in the direction of Performance over Verbal scale by 
at least 10 points; and 
2. academic scores where the combined reading scores 
are equal to or less than the 20th percentile (Ozols 
& Rourke, 1985). 
Research Design 
This design employs retrospective data. Children from 
the LD clinic were classified and analyzed separately from 
children from the MM clinic throughout the study. The two 
groups differ in referral source, reason for referral, and 
medical history, and internal validity would be adversely 
affected by combining the two groups throughout the study. 
The children with MM are routinely re-evaluated every three 
years, and thus have had more contact systematically with 
hospital medical and psychodiagnostic personnel than have 
children seen only one time through the LD clinic. 
Therefore, it was easier to obtain correct addresses and get 
follow-up data for the MM than for the LD sample, for whom 
current addresses were often unavailable due to moving since 
the time of obtaining an LD evaluation. 
Subjects from each clinic were assigned to one of two 
comparison groups, VLD or NLD, using one of four 
classification schemes, one clinical and three actuarial, on 
the basis of cognitive and academic scores, and narrative 
report (in the clinical classification scheme). They were 
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further assigned to a younger (ages 5-8) or older (ages 9-
14) subgroup, and a gender subgroup. These three variables, 
subtype membership (VLD/NLD), age (younger/older), and 
gender (boy/girl) make up the three independent variables 
used in the study. 
A posttest-only design was employed separately for 
samples from each clinic, where the 'posttest' was made up 
of three dependent variables, as operationalized by the 
CBCL. The three variables were: internalizing, 
externalizing, and attention problems. 
Data Analysis 
Analysis of the prevalence of the two major broad-band 
patterns of behavior problems represented by the CBCL, 
internalizing and externalizing, and one narrow-band 
pattern, attention problems, were conducted for both the VLD 
and NLD groups within each clinic. These analyses were 
conducted first using clinical, and then actuarial criteria 
to derive groups. 
First, discriminant function analyses were conducted, 
using cognitive, academic, and/or social-emotional data to 
find an optimal separation of the NLD and VLD groups. 
Separate discriminant function analyses were conducted for 
the LD and the MM clinics. These analyses were employed in 
order to determine the agreement between a clinical sorting 
of groups and actuarial criteria used to derive groups, to 
ascertain the amount of classification agreement between the 
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two approaches. 
Second, an effect size was calculated for Internalized, 
Externalized, and Attention Problem variables between groups 
for each clinic. This procedure allowed for further 
comparison of NLD and VLD samples; it is possible that the 
sample size for each group was too small to discern real 
differences using either a parametric or nonparametric 
method (Type 2 error). 
Third, a variety of parametric and nonparametric 
approaches were employed, including at-test for independent 
samples, a chi-square test of independence, a Mann-Whitney U 
Test, and a McNemar Test. These analyses were used to 
compare either prevalence of or differences in Externalized, 
Internalized, and/or Attention Problem patterns of behavior, 
and to compare relative proportions of subtype membership in 
both the LD and MM clinic samples. 
Specifically, differences in behavioral problem 
patterns were compared between clinics to test Hypothesis 1, 
which stated that those identified as either VLD or NLD in 
the LD clinic would exhibit more externalized and 
internalized behavior problems as a whole than children seen 
in the MM clinic who were similarly identified. Mean 
differences in internalizing and externalizing scores for 
combined VLD/NLD subtypes within MM vs. LO clinics were 
compared, using at-test for independent samples. 
Relative prevalence rates of VLD and NLD were compared 
between clinics, to test Hypothesis 2, which stated that 
more children would be classified as VLD in the LD clinic, 
and more children as NLD in the MM clinic. A chi-square 
test for independence was used to test for similarity of 
proportions of subtypes between clinics in this analysis. 
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Within both the MM and LD clinics, comparisons were 
made of the prevalence of both externalized and internalized 
behavior problems for NLD children by age, to test 
Hypothesis 3, which stated that NLD children would show 
externalized behavior problems at both a younger and older 
age, and internalized problems at an older age. Both 
younger and older NLD subjects were expected to show 
elevated externalized scores, with mean differences between 
the groups being negligible; only older subjects were 
expected to show elevated internalized scores, with a 
significant difference expected between younger and older 
groups. A nonparametric test, the Mann-Whitney U Test, was 
conducted for this analysis, because the assumption of 
normality could not be made for this data base. 
Within both the MM and LD clinics, comparisons were 
made of the prevalence of internalized behavior problems for 
VLD children by age, to test Hypothesis 4, that VLD children 
will show internalized behavior problems at both a younger 
and older age. A Mann-Whitney U Test was conducted for this 
analysis between younger and older VLD subjects. 
Within each clinic, comparisons were made of the 
prevalence of externalized behavior problems for NLD 
children by gender and age using the Mann-Whitney U Test. 
This analysis was completed to test Hypothesis 5, that NLD 
boys will present as more externalized than NLD girls at 
both younger and older ages. Once again, a Mann-Whitney U 
Test was employed in this analysis. 
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VLD boys were expected to present as less internalized 
than VLD girls at both younger and older ages, as proposed 
through Hypothesis 6. A Mann-Whitney U Test was conducted 
to complete this analysis. 
Within both the LD and MM clinics, comparisons were 
made of the prevalence of attention problems for NLD and VLD 
children by gender, to test Hypothesis 7, that boys who are 
either NLD or VLD will show more attention problems than 
girls who are similarly identified. A Mann-Whitney U Test 
was employed to conduct this analysis. 
Finally, the last part of the analysis of behavioral 
problem patterns involved a longitudinal comparison of 
functioning for a small subsample of participants identified 
for membership in either a NLD or VLD subtype in the 
combined clinic samples. Test-retest stability was explored 
for Internalized, Externalized, and Attention CBCL scales 
within the NLD or VLD subgroups using a McNemar test, in 
order to test Hypothesis 8, which stated that VLD children 
who were followed longitudinally would exhibit an elevated 
internalized score, and would maintain that score over time, 
and Hypothesis 9, which stated that longitudinally, NLD 
children would show elevated externalized (and therefore 
attention problem) scores at both younger and older ages, 
and would shift from average to elevated internalized 
problem scores at an older age. 
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CHAPTER IV 
RESULTS 
This chapter will present results of the analyses 
related to two research questions: (1) What is the 
prevalence of two LD subtypes in LD children with and 
without physical disability, and (2) What are the 
concomitant behavior problems associated with each subtype? 
This chapter will present results of analyses of the 
influence of gender and age on the type of behavior problems 
seen within these two subtypes. 
Analysis of the Data 
Data analysis was performed using a total of 144 
completed neuropsychological evaluations and an accompanying 
behavioral measure completed by parents for children seen in 
both the LD and MM clinics. Demographics of the samples are 
included in Tables 1 and 2, respectively. All statistical 
analyses were performed using the Statistical Package for 
the Social Sciences for Personal Computers (SPSS-PC) 
(Norusis, 1990). 
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Table 1 
LO Clinic Demographics 
Category 
Ethnicity: 
Euro-American 
African-American 
Latino-American 
Other (Hebrew, 
Asian-American) 
Unknown 
TOTAL: 
Gender: 
Boys 
Girls 
Age: 
Yngr. ( 5-8 yrs.) 
Older (9-14 yrs.) 
Parent Occupation: 
Professional 
Managerial 
Clerical 
Operative/Crafts 
Laborer 
Unemployed 
Other 
Unknown 
Frequency 
53 
15 
20 
2 
3 
93 
52 
41 
51 
42 
14 
5 
12 
6 
17 
6 
9 
24 
Percent 
57.0 
16.1 
21.5 
2.2 
3.2 
100.0 
55.9 
44.1 
54.3 
45.7 
15.1 
5.4 
12.9 
6.5 
18.3 
6.5 
9.7 
25.8 
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Table 2 
MM Clinic Demographics 
Category 
Ethnicity: 
Euro-American 
African-American 
Latino-American 
Other (Hebrew, 
Asian-American} 
Unknown 
TOTAL: 
Gender: 
Boys 
Girls 
Age: 
Yngr. (5-8 yrs.) 
Older (9-14 yrs.) 
Parent Occupation: 
Professional 
Managerial 
Clerical 
Operative/Crafts 
Laborer 
Unemployed 
Other 
Unknown 
Shunt: 
Yes 
No 
Missing 
Frequency 
34 
5 
1 
0 
6 
46 
22 
24 
30 
16 
6 
10 
4 
5 
8 
3 
3 
7 
35 
6 
5 
Percent 
73.9 
10.9 
2.2 
0 
13.0 
100.0 
47.8 
52.2 
65.2 
34.8 
13.0 
21.7 
8.7 
10.9 
17.4 
6.5 
6.5 
15.2 
76.1 
13.0 
10.9 
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Table 2 (continued) 
Category 
Shunt Infection: 
Yes 
No 
Missing 
Shunt Location: 
Right 
Left 
Both 
Missing 
Shunt Revisions: 
0 
1 
2-4 
5-7 
Missing 
Shunt Location: 
Lesion Level: 
Thoracic 
Lumbar 
Sacral 
Missing 
Frequency 
12 
21 
13 
22 
4 
7 
13 
26 
4 
5 
3 
8 
9 
11 
21 
5 
Prevalence of Subtypes 
Percent 
26.1 
45.7 
28.3 
47.8 
8.2 
15.2 
28.8 
56.5 
8.7 
9.2 
6.5 
17.4 
19.6 
23.9 
45.7 
10.9 
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NLD and VLD subtypes were derived on the basis of four 
classification schemes, three actuarial and one clinical 
(Table 3), which are described further in Chapter III. 
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Table 3 
Actuarial & Clinical Schemes for NLD/VLD Classifications by 
Clinic 
IQ only 
NLD (VIQ-PIQ GE 10 points): 
VLD (PIQ-VIQ GE 10 points): 
Academics only 
NLD (combined reading scores GE 45 
and combined math scores LE 34) and 
math scores are at least 25 centile 
points lower than reading: 
VLD (combined math scores LE 34 
and combined reading scores LE 16) 
and math at least 10 centile points 
higher than reading: 
IQ+ academics 
NLD (VIQ-PIQ GE 10 points and 
combined math scores LE 25) 
VLD (PIQ-VIQ GE 10 points and 
combined reading scores LE 20) 
Clinical Scheme 
NLD (qualitative and quantitative 
information from report) 
VLD (qualitative and quantitative 
information from report) 
Percent agreement between raters: 
Raters 1 and 2 
Raters 1 and 3 
9 
29 
4 
9 
4 
16 
7 
52 
71% 
23 
6 
13 
1 
13 
1 
22 
3 
74% 
68% 
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Discriminant function analysis was used to assess the 
construct validity of NLD and VLD groups derived using the 
"Clinical" scheme or the "IQ only" scheme. (The latter had 
the largest number of subjects of the three actuarial 
samples, and is commonly used in the literature as a sorting 
criterion.) 
In order to evaluate whether the clinical 
classification of subjects could be modelled accurately by a 
discriminant function using only IQ and academic scores, 
with or without behavioral scores, two discriminant function 
analyses were run. All subjects initially identified as NLD 
or VLD based on clinical classification were included in the 
discriminant function analyses. The first of these two 
analyses used only IQ scores and academic criteria as 
predictor variables to separate groups, while the second 
analysis combined IQ, academic, and behavioral criteria. 
In order to evaluate whether the selection of subjects 
using the "IQ only" criterion could be modelled using 
academic and behavioral scores, a third analysis was run. 
These three analyses were conducted for the LD clinic sample 
(Tables 4, 5, and 6), and for the MM clinic sample (Tables 
7, 8, and 9) . 
The discriminant function analyses show that clinical 
classification describes the NLD and VLD subtypes in the 
same way that combined IQ, academic, and behavioral scores 
do, but that the "IQ only" classification scheme does not 
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describe the same groups as the academic and behavioral 
scores do. Results based on an initial clinical 
classification showed a strong trend towards statistical 
significance in the case of the LD clinic sample, and 
reached statistical significance in the case of the MM 
sample (p < .005). No significance or trend was reached in 
either clinic sample for analyses conducted which were based 
on an initial "IQ only" classification. The clinical scheme 
was well modelled by a sort based on IQ and academic data, 
with or without behavioral data. Therefore the analysis of 
the behavioral correlates of this NLD vs. VLD classification 
may be approached with confidence. 
Specific to the LD clinic, the two analyses for the 
"Clinical'' scheme (Tables 4 and 5) yielded a Wilks' Lambda 
of .849 and .769, respectively. Multivariate significance 
levels were .064 for the first analysis, and .061 for the 
second. Though not reaching significance at the .05 level, 
these values were accepted as indicating a trend towards 
reliable classification. 
Univariate significance levels for each variable are 
reported in Tables 4 and 5. Only Reading (RDALLJ approached 
significance (p= .066) for both analyses, suggesting that it 
was an important variable in the overall discrimination 
between the two groups. 
Standardized canonical discriminant function 
coefficients for the first and second analysis are reported 
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in Tables 4 and 5, respectively. A negative number denotes 
association with VLD group membership. The variable 
contributing most to the discrimination of the VLD group was 
Performance IQ, [WIPIQ] (-2.33 and -2.42, respectively), 
which was more than three times as effective as the next 
most highly weighted variable (Reading) in this 
discrimination. Variables contributing most to NLD group 
membership were Verbal IQ [WIVIQ] (2.37 and 2.41), Reading 
(.672 and .458), and Internalized Problems [TSINT] (.570, 
second analysis). Verbal IQ was about three times as 
effective as Reading in the discrimination of this group. 
Math [MATHALL] did not contribute substantively to the 
discrimination of either group. 
Table 4 
Discriminant Function Analysis for NLD/VLD Classification by 
Clinical Scheme for LD Clinic 
Using Cognitive and Academic Criteria Only 
Group Means Perf. IQ 
NLD M= 85.83 
S0=44.27 
VLD M= 89.60 
S0=35.05 
Verbal IQ 
M= 88.66 
S0=45.17 
M= 79.34 
S0=32.22 
Reading 
M= 35.55 
S0=30.74 
M= 20.88 
S0=16.89 
Math 
M= 36.16 
S0=37.23 
M= 27.48 
S0=22.82 
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Table 4 (continued) 
canonical Discriminant Function 
Eigen. % Variance encl.Corr. Wilk's L. Chisq. df Sign . 
. 177 100 .389 .848 8.46 4 . 064 
Standardized Canonical Discriminant Function Coefficients 
Function 
WIVIQ 2.367 
WIPIQ -2.331 
RDALL .672 
MATHALL -.143 
Wilk's Lambda and univariate F-ratio with 1 and 23 df 
Variable 
WIPIQ 
WIVIQ 
RDALL 
MATHALL 
Wilk's Lambda F 
.998 .194 
.991 .504 
.940 3.516 
.990 .540 
Significance 
.889 
.480 
.066 
.465 
Table 4 (continued} 
Classification Results: 
Actual Group 
NLD 
VLD 
Ungrouped 
No. of Cases 
6 
52 
30 
Predicted Group Membership 
1 2 
4 66.7% 
8 15.4% 
16 53.3% 
2 33.3% 
44 84.6% 
14 46.7% 
Percent of "grouped" cases correctly classified: 82.76% 
Table 5 
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Discriminant Function Analysis for NLD/VLD Classification by 
Clinical Scheme for LD Clinic 
Using Cognitive, Academic, and Behavioral Criteria 
Group Means Perf. IQ 
NLD M= 85.83 
SD=44.27 
VLD M= 89.60 
SD=35.05 
Verbal IQ 
M= 88.66 
SD=45.17 
M= 79.34 
SD=32.22 
Reading 
M= 35.55 
SD=30.74 
M= 20.88 
SD=16.89 
Math 
M= 36.16 
SD=37.23 
M= 27.48 
SD=22.82 
Table 5 (continued) 
Group Means 
NLD 
VLD 
Inter. 
M= 63.83 
SD= 7. 30 
M= 58.42 
SD= 9.45 
Exter. 
M= 60.16 
SD= 8.99 
M= 54.90 
SD=l0.29 
Canonical Discriminant Function 
Attn. 
M= 65.00 
SD= 8.19 
M= 64.34 
SD= 9.15 
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Eigen. % Variance encl.Corr. Wilk's L. Chisq. df sign . 
. 292 100 .475 .773 13.46 7 . 061 
Standardized Canonical Discriminant Function Coefficients 
Function 
WIPIQ -2.422 
WIVIQ 2.413 
TSINT .570 
RDALL .458 
TSEXT .397 
TSATTN -.349 
MATHALL -.081 
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Table 5 (continued) 
Wilk's Lambda and univariate F-ratio with 1 and 23 df 
Variable Wilk's Lambda F Significance 
WIPIQ .999 .194 .889 
WIVIQ .991 .504 .480 
RDALL .940 3.516 .066 
MATHALL .990 .540 .465 
TSINT .966 1.942 .168 
TSEXT .975 1.402 .241 
TSATTN .999 .422 .837 
Classification Results 
Predicted Group Membership 
Actual Group No. of Cases 
NLD 6 
VLD 52 
Ungrouped 30 
1 
4 
66.7% 
9 
17.3% 
13 
2 
2 
33.3% 
43 
82.7% 
17 
43.3% 56.7% 
Percent of "grouped" cases correctly classified: 81.03% 
Again specific to the LD clinic, the third analysis 
{Table 6), which used an actuarial scheme of IQ scores only, 
yielded a Wilks' Lambda of .864. The multivariate 
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significance level was .449. From a statistical standpoint, 
significance was not achieved. Once again, univariate 
significance and standardized discriminant function 
coefficients were examined for trends. 
Univariate significance levels for each variable are 
reported in Table 6. No variable obtained or approached 
significance. 
Standardized canonical discriminant function 
coefficients (Table 6) show that the Attention Problems 
variable [TSATTN] (1.039) was twice as effective in 
discriminating the VLD group as the next most highly 
weighted variable (Internalized), while Externalized 
Problems [TSEXTJ (-.744) and Reading (-.706) contributed 
somewhat equally to the NLD group discrimination. A 
negative number denotes association with an NLD group 
membership. No further exploration of this classification 
scheme is warranted, due to the lack of multivariate 
significance or trend obtained. 
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Table 6 
Discriminant Function Analysis for NLD/VLD Classification by 
IQ Scheme for LO Clinic 
Using Academic and Behavioral Criteria Only 
Group 
Means Rdg Math CBCL-Int CBCL-Ext CBCL-Attn 
NLD M= 26.02 M= 27.93 M= 55.37 M= 54.62 M= 61.00 
SD=23.06 SD=21. 26 SD= 7.50 SD=13.09 SD= 8.24 
VLD M= 19.17 M= 24.90 M= 62.00 M= 57.10 M= 67.03 
SD=15.65 SD=22.56 SD=l0.62 SD=ll.16 SD=ll.42 
canonical Discriminant Function 
Eigen. % Variance encl.Corr. Wilk's L. Chisq. df Sign. 
.156 100 .368 .864 4.729 5 . 449 
Standardized Canonical Discriminant Function Coefficients 
Function 
TSATTN 
TSEXT 
RDALL 
TSINT 
MATHALL 
1.039 
-.744 
-.706 
.434 
.140 
Table 6 (continued) 
Wilk's Lambda and univariate F-ratio with 1 and 23 df 
Variable Wilk's Lambda F 
RDALL .977 .799 
MATHALL .996 .119 
TSINT .931 2.565 
TSEXT .991 .221 
TSATTN .949 1.846 
Classification Results: 
Actual Group No. of Cases 
NLD 
VLD 
Ungrouped 
8 
29 
49 
Significance 
.377 
.731 
.118 
.640 
.183 
Predicted Group Membership 
1 
4 50.0% 
10 34.5% 
29 56.9% 
2 
4 50.0% 
19 65.5% 
22 43.1% 
Percent of "grouped" cases correctly classified: 62.16% 
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Specific to the MM clinic, the two analyses for the 
clinical scheme (Tables 7 and 8) yielded a Wilks' Lambda of 
.458 and .261, respectively. Multivariate significance 
levels were .0026 for the first analysis, and .0005 for the 
second. From a statistical standpoint, significance was 
achieved. Univariate significance and standardized 
discriminant function coefficients were examined to 
determine the relative contribution of each variable to the 
relationship between group membership and the function 
analyzed. 
Univariate significance levels for each variable are 
reported in Table 7. Verbal IQ (p=.022 for both analyses) 
was the only significant variable in the overall 
discrimination between the two groups. 
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Standardized canonical discriminant function 
coefficients are reported for the first analysis (Table 7) 
[a negative number is associated with membership in the VLD 
category], and for the second analysis (Table 8) [a negative 
number is associated with membership in the NLD category]. 
The Verbal IQ (1.164 and -1.180), Reading (.465 and -.646), 
and Externalized Problems (-1.00, second analysis) variables 
contributed most to the association with NLD group 
membership. The Verbal IQ and the Externalized Problems 
variables discriminated somewhat similarly, while both were 
about twice as effective as Reading in the discrimination of 
this group. 
The Performance IQ (-1.303 and 1.701), Internalized 
Problems (1.048, second analysis), and Attention Problems 
(.547, second analysis) are most strongly associated with 
membership in a VLD category. The Performance IQ was almost 
twice as effective as the Internalized Problems, and more 
than three times as effective as Attention Problems, in 
discriminating this group. 
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Table 7 
Discriminant Function Analysis for NLD/VLD Classification by 
Clinical Scheme for MM Clinic 
Using Cognitive and Academic Criteria Only 
Group Means Perf. IQ 
NLD M= 82.72 
SD=l3.00 
VLD M= 93.00 
SD=l4.17 
Verbal IQ 
M=l0l. 09 
SD=l3.16 
M=81. 33 
SD=ll.93 
Reading 
M= 52.44 
SD=33.51 
M= 23.33 
SD=38.68 
Canonical Discriminant Function 
Math 
M= 31.27 
SD=24.99 
M= 22.50 
SD=35.09 
Eigen. % Variance encl.Corr. Wilk's L. Chisq. df Sign. 
1.179 100 .735 .458 16.35 4 . 002 
Standardized Canonical Discriminant Function Coefficients 
Function 
WIPIQ -1. 303 
WIVIQ 1.164 
RDALL . 465 
MATHALL .071 
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Table 7 (continued) 
Wilk's Lambda and univariate F-ratio with 1 and 23 qf 
Variable Wilk's Lambda F Significance 
WIPIQ .934 1.621 .215 
WIVIQ .792 6.037 .022 
RDALL .922 1.937 .177 
MATHALL .987 .300 .589 
Classification Results: Predicted Group Membership 
Actual Group No. of Cases 1 2 
NLD 22 22 (100%) 0 (0%) 
VLD 3 0 (0%) 3 (100%) 
Ungrouped 20 8 ( 40%) 12 (60%) 
Percent of "grouped" cases correctly classified: 100% 
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Table 8 
Discriminant Function Analysis for NLD/VLD Classification by 
Clinical Scheme for MM Clinic 
Using Cognitive, Academic, and Behavioral Criteria 
Group Means Perf. IQ Verbal IQ Reading Math 
NLD M= 82.72 M=l0l.09 M= 52.44 M= 31.27 
SD=l3.00 SD=l3.16 SD=33.51 SD=24.99 
VLD M= 93.00 M= 81. 33 M= 23.33 M= 22.50 
SD=l4.17 SD=ll. 93 SD=38.68 SD=35.09 
Group Means Inter. Exter. Attn. 
NLD M= 53.54 M= 51.77 M= 60.04 
SD= 9.83 SD=l0.60 SD= 8.51 
VLD M= 58.66 M= 45.66 M= 61.33 
SD= 6.65 SD= 9.45 SD= 8.96 
Canonical Discriminant Function 
Eigen. % Variance encl.Corr. Wilk's L. Chisq. df Sign. 
1.179 100 .859 .261 26.15 7 . 0005 
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Table 8 (continued) 
Standardized Canonical Discriminant Function Coefficients 
Function 
WIPIQ 1. 701 
WIVIQ -1.180 
TSINT 1. 048 
TSEXT -1.000 
RDALL -.646 
TSATTN .547 
MATHALL -.192 
Wilk's Lambda and univariate F-ratio with 1 and 23 df 
Variable Wilk's Lambda F Significance 
WIPIQ .934 1. 621 .215 
WIVIQ .792 6.037 .022 
RDALL .922 1.937 .177 
MATHALL .987 .300 .589 
TSINT .968 .751 .395 
TSEXT .962 .891 .354 
TSATTN .997 .598 .809 
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Table 8 (continued) 
Classification Results 
Predicted Group Membership 
Actual Group No. of Cases 1 2 
NLD 22 22 100% 0 0% 
VLD 3 0 0% 3 100% 
Ungrouped 20 8 40% 12 60% 
Percent of "grouped" cases correctly classified: 100% 
Again specific to the MM clinic, the third analysis 
(Table 9), which used subjects selected on the basis of IQ 
scores only, yielded a Wilks' Lambda of .723. The 
multivariate significance level was .178. Statistical 
significance at the .05 level was not approached. Once 
again, univariate significance and standardized discriminant 
function coefficients were examined for trends. 
Univariate significance levels showed that the 
Externalized Problems (p=.036} and Attention Problems 
(p=.042) variables were significant in discriminating 
between the two groups, followed closely by the Internalized 
Problems variable (.065), which approached statistical 
significance. 
Standardized canonical discriminant function 
coefficients for this analysis are reported in Table 9. 
A negative number is associated with VLD membership. Given 
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that the "IQ only" scheme did not relate to academic and 
behavior scores, this classification will not be explored 
for further analysis. 
Table 9 
Discriminant Function Analysis for NLD/VLD Classification by 
IO Scheme for MM Clinic 
Using Academic and Behavioral Criteria 
Group 
Means Rdg. Math Inter. Exter. Attn. 
NLD M= 51.86 M= 33.34 M= 55.34 M= 52.04 M= 60.21 
SD=34.89 SD=27.11 SD= 9.12 SD=13.00 SD= 8.88 
VLD M= 48.60 M= 44.00 M= 43.20 M= 36.20 M= 46.20 
SD=34.52 SD=32.23 SO=24.70 SD=21. 32 SD=26.86 
canonical Discriminant Function 
Eigen. ~ 0 Variance encl.Corr. Wilk's L. Chisq. df Sign. 
.383 100 .526 .723 7.621 5 .178 
Table 9 (continued) 
Standardized Canonical Discriminant Function Coefficients 
Function 
MATHALL 
TSEXT 
RDALL 
TSINT 
TSATTN 
-.842 
.804 
.560 
.395 
-.061 
Wilk's Lambda and univariate F-ratio with 1 and 23 df 
Variable Wilk's Lambda F Significance 
RDALL .998 .361 .850 
MATHALL .977 .596 .447 
TSINT .875 3.687 .065 
TSEXT .843 4.839 .036 
TSATTN .851 4.539 .042 
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Classification Results: Predicted Group Membership 
Actual Group No. of Cases 1 2 
NLD 23 18 (78.3%) 5 (21. 7%) 
VLD 5 2 (40.0%) 3 (60.0%) 
Ungrouped 17 14 (82.4%) 3 (17.6%) 
Percent of "grouped" cases correctly classified: 75.0% 
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Behavioral Functioning within Subtypes 
Regardless of scheme employed to derive subtype 
membership, very low sample sizes resulted for the NLD group 
in the LD clinic, and for the VLD group in the MM clinic. 
Therefore, differences between groups within each clinic may 
not have been discerned even if truly present {a Type 2 
error). As a result, an effect size was calculated for 
differences in Internalized, Externalized, and Attention 
Problem Scale scores between the NLD and VLD groups for each 
clinic, again using the four schemes employed throughout 
this study {Tables 10 and 11). 
Effect size was computed using Cohen's "d", which uses 
a pooled standard deviation to correct for the small number 
of subjects per group. A small effect size is considered to 
be about .20, a medium one, .50, and a large effect size 
about .80 or above (Cohen, 1992). 
In Table 10, the effect sizes for NLD and VLD groups in 
the LD clinic are displayed. For the Internalized Problems 
variable, moderate effect sizes of .62 and .52 were noted 
for two schemes, "IQ only" and "Clinical", respectively, 
while small effect sizes were noted for this variable using 
the "Academics only" and "IQ and Academics" schemes. The 
"IQ only" scheme showed higher internalized behavior scores 
for the VLD group, in contrast to the "Clinical" scheme, 
which showed higher scores for the NLD group. 
For the Externalized Problems variable, one large 
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effect size of 1.175 was noted using the "Academics only" 
scheme, with NLD children showing elevated externalized 
scores in contrast to VLD children, who were within the 
normal range of functioning. All three other schemes 
generated small effect sizes for this variable, ranging from 
.16 to .40. For the Attention variable, a moderate effect 
size was noted using the "IQ only" scheme, while all three 
other schemes produced a small effect size, ranging from .09 
to .42. Both groups exhibited elevated mean scores using 
the "IQ only" scheme, with the VLD children showing more 
pronounced elevations. 
Table 10 
Effect Size for Behavior Problem Scores by Classification 
Category and LD Subtype: LD Clinic 
Behavior Problem Scale 
Category INTERNALIZED EXTERNALIZED ATTENTION 
IQ only n M SD M SD M SD 
NLD 9 55.7 7.1 54.3 12.2 60.3 7.9 
VLD 29 61.7 10.5 56.7 11. 0 66.8 11. 2 
Effect size .612 .212 .618 
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Table 10 (continued) 
Category INTERNALIZED EXTERNALIZED ATTENTION 
Acad. only n M SD M SD M SD 
NLD 4 58.7 17.6 63.2 5.6 61.0 8.4 
VLD 9 55.4 11.9 52.3 10.5 63.8 5.6 
Effect size .237 1.175 .425 
IO+ Acad. n M SD M SD M SD 
NLD 4 59.0 5.6 57.5 12.9 61.7 7.8 
VLD 16 60.6 10.3 55.6 11.3 64.3 8.9 
Effect size .167 .163 .298 
Clinical n M SD M SD M SD 
NLD 7 63.8 6.9 59.0 8.7 63.5 8.3 
VLD 51 58.3 9.5 54.8 10.6 64.3 9.2 
Effect size .520 .404 .088 
For the MM clinic, the effect sizes for NLD and VLD 
groups are displayed in Table 11. The sample size was too 
small to conduct this analysis for two of the four schemes, 
"Academics only" and "IQ and Academics". 
For the Internalized Problems variable, a large effect 
size of .94 was noted using the "IQ only" scheme, while a 
moderate effect size of .53 was noted for this variable 
using the Clinical scheme. Once again, an opposite trend is 
noted for these two schemes. The NLD group in the "IQ only" 
scheme shows higher internalized problem scores, while the 
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VLD group in the "Clinical" scheme shows higher scores. 
For the Externalized Problems variable, moderate effect 
sizes of .65 and .58 were noted using the "IQ only" and 
"Clinical" schemes, respectively. Both schemes yielded a 
trend in the same direction, with NLD groups showing 
relatively higher externalized scores. For the Attention 
Problems variable, a moderate effect size of .50 was noted 
using the "IQ only" scheme, with NLD children showing 
significant elevations in contrast to VLD children, who were 
within a normal range of functioning. The "Clinical" scheme 
yielded a small effect size of .15 for this variable, 
implying no difference between groups. 
Table 11 
Effect Size for Behavior Problem Scores by Classification 
Category and LD Subtype: MM Clinic 
Behavior Problem Scale 
Category INTERNALIZED EXTERNALIZED ATTENTION 
IQ only n M SD M SD M SD 
NLD 23 55.34 9.12 52.04 13.00 60.21 52.04 
VLD 6 43.50 22.10 42.00 23.78 52.83 29.00 
Effect size .941 .645 .497 
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Table 11 (continued) 
category INTERNALIZED EXTERNALIZED ATTENTION 
Acad. only n M SD M SD M SD 
NLD 13 
VLD 1 
Effect size 
IQ+ Acad. n M SD M SD M SD 
NLD 13 
VLD 1 
Effect size 
Clinical n M SD M SD M SD 
NLD 22 53.54 9.83 51.77 10.60 60.04 8.51 
VLD 3 58.66 6.65 45.66 9.45 61.33 8.96 
Effect size .533 .578 .153 
Note. __ = not applicable 
In addition to computing an effect size between VLD and 
NLD groups for each clinic, a combination of parametric and 
non-parametric tests were employed to evaluate the 
probability that the independent variables (subtype 
membership, age, and gender) influenced the dependent 
variable (type of behavior patterns exhibited within each of 
the subtypes). 
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Hypotheses: Cross-sectional 
Hypothesis 1 
The first research hypothesis stated that children seen 
in the LD clinic who are classified as either VLD or NLD 
will show more externalized and internalized behavior 
problems as a group than children seen in the MM clinic who 
are similarly identified. 
This hypothesis was addressed by calculating the mean 
differences in standardized scores (T-scores) on 
Externalized and Internalized variables between children 
exhibiting either LD subtype in both clinics, employing each 
of the four classification schemes. Differences were 
compared using at-test for independent samples with a 1-
tailed probability level. 
In three of the four schemes applied, differences 
between clinic samples reached significance for the 
Internalized variable {Table 12), with children from the LD 
clinic exhibiting higher mean scores. Significance levels 
of .008 (IQ only), .028 (IQ and Academics), and .021 
{Clinical) were obtained for this variable. 
While only the "Clinical" scheme yielded significance 
for the Externalized Problems variable in the direction 
predicted {p=.043), the "IQ only" (p=.063) and "IQ and 
Academics" (p=.080) schemes provided a clear trend in 
support of this part of the hypothesis. The fourth scheme, 
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"Academics only", was insignificant for both Internalized 
and Externalized variables respectively (p =.169; p =.138). 
All four schemes yielded mean group scores in the normal 
range of functioning for both subtypes. 
Taken together, these findings generally support the 
hypothesis that children seen in the LD clinic would present 
with relatively more behavior problems of both the 
internalized and externalized variety than children seen in 
the MM clinic, although only two of four schemes showed a 
significant elevation of internalized problems for children 
in the LD clinic. 
Table 12 
LD and MM Clinic Sample Differences in Externalized and 
Internalized Problems 
Internalized Externalized 
IO only 
LD n=38 M = 60.34 M = 56.21 
SD= 10.06 SD= 11.26 
MM n=29 M = 54.62 M = 51.68 
SD= 8.59 SD= 12.60 
1-tailed prob. p = .008 p = .063 
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Table 12 (continued) 
Internalized Externalized 
IQ + Acad. 
LD n=20 M = 60.30 M = 56.00 
SD= 9.53 SD= 11.35 
MM n=14 M = 54.00 M = 50.35 
SD= 8.45 SD= 11.14 
1-tailed prob. p = .028 p = .080 
Acad. only 
LD n=13 M = 56.46 M = 55.69 
SD= 13.28 SD= 10.45 
MM n=14 M = 52.28 M = 50.92 
SD= 8.65 SD= 11.65 
1-tailed prob. p = .169 p = .138 
Clinical 
LD n=59 M = 58.79 M = 55.33 
SD= 9.35 SD= 10.37 
MM n=25 M = 54.16 M = 51.04 
SD= 9.55 SD= 10.48 
1-tailed prob. p = .021 p = .043 
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Hypothesis 2 
Research Hypothesis 2 stated that children seen in the 
LD clinic would be subsequently classified as either NLD or 
VLD in dissimilar proportions to children initially 
identified as MM, regardless of classification scheme used 
(i.e., clinical vs. actuarial). It was expected that a 
higher proportion of LD than MM children would be classified 
as VLD, whereas a higher proportion of MM than LD children 
would be classified as NLD. 
Table 13 displays results obtained from a chi-square 
analysis comparing relative proportions of children 
identified as either NLD or VLD by clinic, using each of the 
four schemes. Results were highly significant, with an 
almost reverse trend in group membership seen between 
clinics, regardless of scheme employed. 
Specifically, the correlation between subtypes in both 
clinics ranged from .0004 for the Academic only scheme, to 
.0000 for the other three schemes. A one-tailed probability 
level was chosen for this analysis. Results support the 
hypothesis that children seen in the LD clinic are 
characterized by VLD in higher proportions than children 
seen in the MM clinic, who are characterized by NLD more 
often than their counterparts. 
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Table 13 
Proportional Classification of NLD and VLD Subtypes by 
Clinic Using 4 Schemes 
IQ only NLD VLD 
LD 9 29 
MM 23 6 
Value DF Significance 
Pearson 22.964 1 .0000 
Acad. only NLD VLD 
LD 4 9 
MM 13 1 
Value DF Significance 
Pearson 11.142 1 .0008 
IQ + Acad. NLD VLD 
LD 4 16 
MM 13 1 
Value DF Significance 
Pearson 17.485 1 .0000 
Clinical NLD VLD 
LD 7 52 
MM 22 3 
Value DF Significance 
Pearson 45.028 1 .0000 
Hypothesis 3 
For children in both MM and LD clinics, those 
identified as NLD were expected to show externalized 
behavior problems both at younger (i.e., 5-8) and older 
(9-14) ages, and to also exhibit elevated internalized 
problems at an older age (i.e., 9-14). 
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In order to address this hypothesis, cross-sectional 
comparisons were made between younger and older NLD children 
in each clinic by first computing group means to determine 
the existence of any initial elevations on the Externalized 
Problems variable, and then by comparing younger to older 
NLD children using a Mann-Whitney U Test for analysis 
(Tables 14 and 15). 
Results from the LD clinic will be discussed first. 
For the Externalized variable, younger NLD children were 
initially slightly elevated in three of four schemes, 
ranging from a mean score of 59.80 {Clinical) to 62.33 (IQ 
and Academics). This suggests that the subsequent general 
finding of nonsignificance between younger and older 
children across all four schemes for this variable supports 
the expectation of a maintenance in elevated functional 
level for this variable in NLD children. The significance 
levels across schemes ranged from .297 (IQ only) to .695 
(Clinical). 
The second finding generally did not support the 
expectation of change from a normal to an elevated 
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functional level for the Internalized Problems variable. 
Instead, an initially normal functional level was maintained 
over time for these children. Significance levels varied 
from .245 (Clinical} to 1.00 (IQ only). 
Table 14 
Comparisons of Younger to Older NLD Children on Internalized 
and Externalized Scales 
LD Clinic n M Inter. M Exter. 
IQ only 
Yngr. 6 55.66 1.00 (MR=5.00} 57.83 .297 (MR=5.67} 
Older 3 56.00 (MR=5.00} 47.33 (MR=3.67} 
Acad. only 
Yngr. 3 57.33 .654(MR=2.33} 61.66 .345 (MR=2.17} 
Older 1 63.00 (MR=3.00} 68.00 (MR=3.50} 
IQ+ Acad. 
Yngr. 3 59.00 .637 (MR=2.67} 62.33 .50 (MR=3. 00} 
Older 1 59.00 (MR=2.00} 43.00 (MR=l.00) 
Clinical 
Yngr. 5 61.40 .245 (MR=3.40) 59.80 .695 (MR=4.20) 
Older 2 67.50 (MR=5.50) 57.00 (MR=3.50) 
Note: MR = Mean Rank 
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For the MM clinic, NLD children were not initially 
elevated in any of the four schemes for the Externalized 
Problems variable. Therefore, the first part of this 
hypothesis for this clinic is not supported. Initial normal 
functioning in this area was maintained over time, with a 
range in significance level from .207 (IQ only) to .886 (IQ 
and Academics). For the Internalized Problems variable, 
once again initial behavioral functioning in this area was 
characterized by normalcy, which was again maintained over 
time. Significance levels ranged from .567 (IQ and 
Academics) to .884 (Academics only). The second part of 
this hypothesis was not supported for children in this 
clinic. 
Table 15 
Comparisons of Younger to Older NLD Children on Internalized 
and Externalized Scales 
MM Clinic n M p Inter. M p Exter. 
IQ only 
Yngr. 15 52.90 .627 (MR=ll. 50) 49.20 .207 (MR=l0.70) 
Older 8 55.00 (MR=l2.94) 57.37 (MR=l4.44) 
Acad. only 
Yngr. 7 53.71 .884 (MR= 6.86) 52.42 .775 (MR= 7.29) 
Older 6 53.83 (MR= 7.17) 49.33 (MR= 6.67) 
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Table 15 (continued) 
MM Clinic n M p Inter. M p Exter. 
IQ+ Acad. 
Yngr. 7 55.14 .567 {MR= 7.57) 52.85 .886 (MR= 7.14) 
Older 6 53.16 {MR= 6.33) 50.00 (MR= 6.83) 
Clinical 
Yngr. 15 52.86 .750 (MR=ll. 20) 50.46 .376 (MR=l0.67) 
Older 7 55.00 (MR=12.14) 55.00 (MR=13.29) 
Note: MR= Mean Rank 
Hypothesis 4 
For children in both MM and LD clinics, those 
identified as VLD were expected to show similar elevations 
in internalized behavior problems at both younger and older 
ages. 
This hypothesis was addressed by first computing group 
means for VLD children within each clinic, in order to 
ascertain whether both groups exhibited clinically elevated 
Internalized scores {T-score of at least 60). For both 
clinics, mean scores reflected normal functioning initially 
for younger VLD children {Table 16). Therefore, the first 
part of this hypothesis was not supported. 
Second, a Mann-Whitney U Test was used to contrast any 
difference in ranking between younger and older VLD children 
(Table 16). Significance was not achieved for any of the 
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four schemes employed, with a range between .090 (IQ only) 
to .748 (Clinical). An extremely small sample size for the 
MM clinic precluded conducting three of four analyses for 
that clinic, with nonsignificant results (p =.325) noted for 
the fourth scheme, IQ only. 
Taken together, these results suggest that, contrary to 
the hypothesis of sustained elevated internalized behavior 
over time for VLD children, normal functioning may exist at 
both younger and older ages. 
Table 16 
Comparisons of Younger to Older VLD Children on Internalized 
Scale 
IQ only 
Yngr. 
Older 
Acad. only 
Yngr. 
Older 
LO Clinic 
n 
13 
16 
5 
4 
M 
58.30 
64.56 
58.20 
52.00 
Inter. 
.090 (MR=l2.04) 
(MR=l 7. 41) 
.624 (MR=5.40) 
(MR=4.50) 
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Table 16 (continued) 
LD Clinic 
n M l2 Inter. 
IQ+ Acad. 
Yngr. 6 56.50 .254 (MR= 6. 75) 
Older 10 63.10 (MR= 9.55) 
Clinical 
Yngr. 25 57.88 .748 (MR=25.80) 
Older 27 58.51 (MR=27.15) 
MM Clinic 
n M l2 Inter. 
IQ only 
Yngr. 4 53.75 .325 (MR=4.00) 
Older 2 48.00 (MR=2.50) 
Acad. only 
IQ+ Acad. 
Clinical 
Note: = not applicable; MR= Mean Rank 
Hypothesis 5 
Boys who were identified as NLO were expected to 
present as more externalized than girls so identified at 
both younger and older ages across both MM and LO clinics. 
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To address this Hypothesis, a Mann-Whitney U Test was 
conducted (Table 17). A lack of support was found, with 
significance levels ranging from .220 for older children in 
the LO clinic using the "IQ only" scheme to .953 for 
children in the MM clinic using the same scheme. 
Hypothesis 6 
Boys identified as VLO were expected to show less 
internalized behavior problems than girls so identified, 
particularly at an older age level, for both LO and MM 
clinics. A Mann-Whitney U Test was employed for this 
analysis (Table 18). Nonsignificant results ranged between 
.220 and 1.00, with no trends noted. 
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Table 17 
NLD Gender Differences in Externalized Scores 
LO Clinic 
Older Younger 
n (MR) M n {MR) M 
IO only 
Boys 2 (2.50} 55.00 3 (3.67) 59.66 
Girls 1 {1. 00) 47.00 3 {3.33} 56.00 
Sign. .220 .822 
Acad. only 
Boys 1 68.00 2 {2.50) 64.00 
Girls 1 (1. 00) 57.00 
Sign. .220 
IO+ Acad. 
Boys 1 43.00 1 {3.00} 73.00 
Girls 2 (2.50) 57.00 
Sign. .220 
Clinical 
Boys 1 {2.00} 67.00 3 {3.33) 61. 66 
Girls 1 {1. 00} 47.00 2 {2.50) 57.00 
Sign. .317 .553 
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Table 17 (continued) 
MM Clinic 
Older Younger 
n (MR) M n (MR) M 
IQ only 
Boys 3 (4.67) 60.00 8 (8.06) 49.87 
Girls 5 (4.40) 55.80 7 (7.93) 48.42 
Sign. .881 .953 
Acad. only 
Boys 2 (2.00) 34.50 0 
Girls 4 (4.25) 56.75 7 52.42 
Sign. .164 
IQ+ Acad. 
Boys 2 (3.00) 46.00 3 (5.33) 57.00 
Girls 4 (3.75) 52.00 4 (3.00) 49.75 
Sign. .643 .157 
Clinical 
Boys 1 (1. 00) 32.00 10 (7.90) 50.40 
Girls 6 (4.50) 58.33 5 (8.20) 50.60 
Sign. .130 .901 
Note: = not applicable; (MR) = Mean Rank 
Table 18 
VLD Gender Differences in Internalized Scores 
Older 
n (MR) 
IQ only 
Boys 10 (9.15) 
Girls 6 (7.42} 
Sign. .479 
Acad. only 
Boys 1 (4.00} 
Girls 3 { 2. 00} 
Sign. .179 
IQ+ Acad. 
Boys 5 (6.40} 
Girls 5 (4.60) 
Sign. .347 
Clinical 
Boys 13 {16.19} 
Girls 14 {11.96) 
Sign. .166 
LD Clinic 
M n {MR} 
Younger 
M 
66.30 6 (8.17} 60.66 
61.66 7 (6.00} 56.28 
.315 
70.00 3 (2.33} 54.33 
46.00 2 ( 4. 00) 64.00 
.248 
66.80 4 (3.00} 55.75 
59.40 2 (3. 75) 58.00 
.643 
61.69 14 {12.46} 57.07 
55.57 11 (13.68} 58.90 
.680 
101 
Table 18 (continued) 
Older 
n (MR) 
IQ only 
Boys 2 
Girls 0 
Sign. 
Acad. only 
Boys 0 
Girls 0 
Sign. 
IQ + Acad. 
Boys 0 
Girls 0 
Sign. 
Clinical 
Boys 0 
Girls 0 
Sign. .166 
M 
48.00 
MM Clinic 
Younger 
n (MR) M 
2 (3.25) 57.00 
2 (1.75) 50.50 
.220 
0 
1 
1 
0 
33.00 
51.00 
2 (2.50) 57.00 
1 (3.00) 62.00 
.220 
Note: = not applicable; (MR) = Mean Rank 
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Hypothesis 7 
Boys who were identified as either NLD or VLD were 
expected to show more attention problems than girls so 
identified in both MM and LD clinics. AT-score of 60, 
which occurs in only 16% of the population, was chosen as 
the cutoff point denoting elevated scores. 
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A Mann-Whitney U Test was used to address this 
hypothesis (Table 19). Significance was obtained (p=.047) 
for the "IQ and Academic" scheme used in the LD clinic, with 
VLD girls showing more attention problems than VLD boys. 
A trend in the opposite direction which approached 
significance (p= .060) was noted for VLD boys in the MM 
clinic. All other results from this analysis were 
insignificant, ranging from .060 to 1.00. This hypothesis 
was not supported by the available data. 
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Table 19 
Comparison of Attention Problems by Gender in MM and LD 
Clinics 
NLD 
MM Clinic 
Boys 
Girls 
Sign. 
LD Clinic 
Boys 
Girls 
Sign. 
VLD 
MM Clinic 
Boys 
Girls 
Sign. 
IQ only 
n (MR) 
11 {11.86) 
M = 60.18 
12 (12.13) 
M = 60.25 
.463 
5 {4.30) 
M = 58.00 
4 (5.88) 
M = 63.25 
.193 
4 (4.50) 
M= 66.75 
2 (1. 50) 
M =50.00 
.060 
IQ+ Acad. 
n (MR) 
5 (7. 30) 
M = 64.30 
8 {6.81) 
M = 62.50 
.413 
2 (1. 75) 
M = 57.00 
2 (3.25) 
M = 66.50 
.110 
Acad. only Clinical 
n (MR) n (MR) 
2 (7.50) 11 {10.09) 
M = 59.0 M = 58.27 
11 (6.91) 11 (12.91) 
M =58.54 M = 61.81 
.421 .153 
3 (3.00) 4 (4.25) 
M =64.33 M =64.50 
1 {1.00} 3 (3.67) 
M =51.00 M =62.33 
.089 .359 
2 (2.00) 
M =59.00 
1 ( 2. 00) 
M =66.00 
1.00 
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Table 19 (continued) 
IQ only IQ & Acad. Acad. only Clinic·al 
n (MR) n (MR) n (MR) n (MR) 
LO Clinic 
Boys 16 (14.63) 9 (6.44) 4 (5.88) 27 (24.94) 
M = 66.37 M = 60.88 M =66.00 M = 63.37 
Girls 13 (15.46) 7 ( 11. 14) 5 (4.30) 25 (28.18) 
M = 67.38 M = 68.71 M =62.20 M = 65.08 
Sign. .138 .047 .089 .220 
Note: = not applicable; MR= Mean Rank 
Hypotheses: Longitudinal 
In addition to the cross-sectional statistical 
analyses, a longitudinal analysis was conducted for a subset 
of VLD and NLD subjects within both clinics in order to 
explore intra-individual changes in behavior patterns. A 
McNemar's Test was conducted to assess the degree of 
behavior change within NLD or VLD subsamples (Table 20). 
NLD or VLD subjects sharing the same subtype were combined 
across clinics for this analysis. The Internalized Problem 
and Externalized Problem scores were dichotomized at T- > or 
< 60 in order to determine whether subjects changed from 
elevated to normal, normal to elevated, or stayed the same. 
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Hypothesis 8 
No change was expected in Internalized Problem scores 
of VLD children, who were hypothesized to exhibit elevated 
Internalized scores at both initial and later testing. 
Results show that these children either maintained or 
increased their Internalized scores over time (p=.250), 
whether scores were initially normal or elevated. No 
children decreased their scores from elevated to normal, nor 
maintained an initially normal score. The same results 
occurred for the Externalized variable. Results were also 
obtained for the Attention variable, and showed a trend, 
where all of the children in this subsample changed from 
normal to elevated scores as they got older (p=.062, 2-
tailed). 
Hypothesis 9 
For the NLD subsample, results show that Internalized 
Problem scores were either maintained or increased over time 
for all of these children. While this finding did not 
obtain significance (p=.250, 1-tailed), the majority of 
children began with elevated Internalized Problem scores and 
maintained those scores, in contrast to the hypothesis that 
they would initially show normal behavioral functioning in 
this area and would increase to an elevated level of 
functioning. 
For the Externalized score, the expectation that 
children would maintain initially elevated scores was 
partially supported, although no significance emerged 
(p=.125, 1-tailed). Most children began with elevated 
Externalized Problem scores, and maintained those scores 
over time. The other children in this sample began with 
normal scores, and increased to an elevated level of 
functioning over time. 
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Finally, for the Attention score, significance was 
obtained (p=.015, 2-tailed). Expectations of the initial 
elevation in and subsequent maintenance of this behavior 
were partially supported; children began with either a 
normal or elevated level of functioning and increased it to 
an elevated level or maintained an elevated level over time. 
No children maintained a normal level of functioning, nor 
decreased from an elevated to a normal level of functioning 
over time. 
Table 20 
Intra-Individual Behavior Change Over Time for Subgroups 
from Combined LD and MM Clinics 
n 
5 
11 
*p<.05, two-tailed. 
Int. 
.125 
.250 
Ext. 
.125 
.125 
Attn. 
.062 
.015* 
CHAPTER V 
DISCUSSION 
The construct of learning disabilities has often been 
vaguely defined. Therefore, the efficacy of interventions 
with children identified as learning disabled has been 
equivocal. With a goal of linking more specific 
identification of learning disability groups to more clearly 
focused interventions, the search for subtypes within the 
broad construct of learning disabilities has ensued. 
Inconsistent application of LD subtype identification 
criteria used in classification research has impeded 
replication efforts. Accordingly, the current study has 
attempted to utilize and compare four operational 
definitions using criteria in cognitive, academic, and 
behavioral areas to group children into two learning 
disability subtypes. Employing these criteria, this study 
explored the hypothesized link between two major types of 
social-emotional behavior problem patterns (externalized and 
internalized) and two subtypes of learning disabilities, 
verbal and nonverbal learning disabilities. 
The Findings 
In brief, three major areas of results were found. 
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First, clinical classification of VLD and NLD subtypes was 
effectively modelled by a function comprised of IQ, 
academic, and behavioral variables. Second, the prevalence 
of VLD and NLD varied markedly and in a reversed pattern for 
a general group of children with LD and a second group of 
children with LO who also have a physical handicap. Third, 
when examining moderate to large effect sizes which compared 
differences between VLD and NLD groups, NLD children in a 
general LD group generally showed higher internalized and 
externalized problems than their VLD counterparts. However, 
within an MM group, NLD children showed higher externalized 
problems, while VLD children showed higher internalized 
problems; both were in the normal range of functioning. 
Children from both subtypes in both LD and MM groups showed 
elevated attention problems. 
There may be little relationship between behavior 
problems and LD subtypes for children with spina bifida, and 
a mixed pattern for LD children without physical disability. 
These results will be discussed in more detail in the 
following sections. 
Classification Findings 
The decision to use four different methods to sort 
subjects into subtypes was based on criteria previously 
employed in major studies within this area. The strong 
trend (LD clinic) and significant findings (MM clinic) noted 
in support of the "Clinical" scheme through the discriminant 
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function analyses suggest that improvement of prediction 
efforts in this area can occur through using this kind of 
clinical/inferential approach in conjunction with actuarial 
criteria. 
Discriminant Function Analyses 
Clinical Sort/LO Clinic 
When using the clinical scheme to initially form 
groups, a strong trend towards reliable classification was 
noted, when using a combination of IQ and academic variables 
with or without behavioral variables to also identify those 
groups. 
There appears to be something about the way the 
"Clinical" classification scheme derived groups which is 
distinctly replicated by the variables making up the 
function. It is quite possible that a "match" was made 
between certain IQ and academic scores by raters as part of 
the clinical classification, similar to a matching of such 
variables as described in the literature by Rourke and 
others, which may be important in the discrimination of 
subtypes. This is supported by the results of an additional 
exploratory discriminant function analysis which was 
conducted for both clinics, where the removal of the IQ 
variables yielded insignificant results (p= .279, MM clinic; 
p= .301, LD clinic) when using the clinical classification 
scheme as the initial group selection criterion. 
For the LD clinic, univariate mean group differences 
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for the Reading variable approached significance (p= .066). 
It is possible that by combining both reading decoding and 
reading comprehension tests into this variable, an 
underlying construct of language understanding was more 
essential to good performance on tests comprising this 
variable than if reading decoding scores alone were used. 
Therefore, the additional narrative information available 
from the LO neuropsychological reports in the area of 
language, taken together with reading performance, may have 
reflected a relatively good match between the "Clinical" 
classification scheme, which relied in part on both of these 
areas, and group differences in reading scores, which 
perhaps also reflect language functioning. 
The Performance IQ variable was three times as 
effective as any other variable in discriminating VLD 
membership, while the Verbal IQ variable reflected roughly 
the same proportional difference in NLD discrimination. 
Perhaps Performance IQ does not rely on language functioning 
to the same extent as any other variable accounting for VLD 
group discrimination, and so consistently describes certain 
similar (relatively strong) performance levels for these 
children. For other variables associated with language 
functioning, variability in performance among VLD children 
due to differing levels of language impairment may mitigate 
consistent associations between these variables. 
In contrast, perhaps Verbal IQ taps into (in part) the 
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kinds of rote verbal tasks that NLD children are 
hypothesized to be relatively proficient at, accounting for 
a consistently strong association with NLD group membership. 
In contrast, performance on academic variables may vary 
among these children, due to differential ability to respond 
to task demands imposed by reading decoding and 
comprehension, and math computation and reasoning. The 
resulting inconsistency of performance might then account 
for a weaker association between NLD group membership and 
these variables. 
The addition of the Internalized Problems variable in 
the LD clinic added slightly to the discrimination of the 
VLD group. Scores for these children on this variable were 
lower than for NLD children, and approached an elevated 
internalized pattern. In combination with their Performance 
IQ scores, this suggests that language factors may influence 
how VLD children interact with their environment and those 
in it, and may influence a behavioral pattern of functioning 
which, though normal, approaches a "turning inward" or 
depressive presentation, at least in the view of their 
parents. 
The percentage of overlap between the "Clinical" scheme 
and variables making up the function in accurately grouping 
cases was 82.76% when using academic and IQ variables, and 
81.03% when also adding behavioral variables. 
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Clinical Sort/MM Clinic 
When using the clinical scheme to initially form groups 
for this clinic, statistical significance was obtained 
(p <.001) when using a combination of IQ and academic 
variables with or without behavioral variables. 
Once again, there appears to be something about the way 
the "Clinical" classification scheme derived groups which is 
clearly replicated by the variables making up the function. 
An alternative to the possibility that a "match" between 
certain IQ and academic scores was made as part of the 
clinical classification, as noted previously, may be that 
there is something specific to IQ, apart from any other 
variables used in the function, which may relate to or 
indicate a particular pattern of central processing assets 
and deficits, which then influences both academic and 
behavioral correlates, as proposed by Rourke. At least some 
of these assets and deficits might also be gleaned from a 
careful clinical reading of neuropsychological information 
as presented in the reports utilized in this study. Such a 
scenario might account for the 100% accuracy rate between 
predicted (IQ and academic variables) and actual (Clinical) 
group membership, when initially formed through the 
"Clinical" classification scheme. 
In contrast to discriminant function findings in the LD 
clinic, Verbal IQ was the only variable which obtained 
univariate significance in the MM clinic, with group mean 
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scores of NLD children 20 points higher than group mean 
scores of VLD children. Sample sizes for the VLD group were 
small, hence caution should be used in interpreting any 
results. However, this contrast suggests extreme and 
significant differences between groups on this variable. 
Perhaps when a comparatively robust and homogeneous NLD 
sample can be employed, contrasts between groups become more 
pronounced than when using the typically smaller NLD groups 
described in the literature. 
Verbal IQ, Reading, and Externalized Problems were all 
associated with NLD group membership. The first two 
variables are relative strengths for the NLD group in this 
clinic, in combination with relatively normal externalized 
functioning. Strengths in the Verbal IQ and Reading 
variables would be predicted from Rourke's theory of NLD, 
especially since for this clinic in particular, reading 
decoding tests were primarily used to define the Reading 
variable (in contrast to the LD clinic, where both reading 
decoding and comprehension tests were given routinely). The 
association of NLD membership with the Externalized Problems 
variable, which is characterized in this analysis by 
normalcy of functioning, reflects a collapse of younger and 
older age categories, and may either indicate a diminishing 
of initially elevated scores in this area, as hypothesized 
by Rourke, or continued normalcy of functioning over time in 
this area. The latter is supported by the results from 
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Hypothesis 3, to be discussed later. 
The VLD group in the MM clinic was quite small (n=3), 
therefore, caution should be used in interpreting any 
results. Performance IQ, Internalized Problems, and 
Attention Problems were the variables which contributed most 
substantively to the discrimination of this group. As in 
the LD clinic, the Performance IQ variable was more 
effective than any other variable in discriminating VLD 
membership, suggesting that perhaps Performance IQ does not 
rely on language functioning to the same extent as any other 
variable accounting for VLD group discrimination, and so 
consistently describes certain similar (relatively strong) 
performance levels for these children on this variable. 
The addition of the Internalized Problems variable in 
the MM clinic added to the discrimination of the VLD group. 
Mean scores for VLD children on this variable were higher 
than for NLD children, in contrast to the LD clinic 
findings. However, similar to LD clinic results, VLD 
children in the MM clinic had scores which still approached 
an elevated internalized pattern. To a lesser extent, the 
Externalized Problem scores added slightly to the 
discrimination of groups: both NLD and VLD children were 
characterized by normalcy, with NLD children showing 
somewhat higher scores. Due to such an extremely small 
sample size, substantive conclusions about the above results 
will not be drawn, other than to note a similarity of 
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pattern in variables which discriminate this as well as the 
LD clinic VLD group. 
IO Sort/LO Clinic 
When using this actuarial scheme to initially form 
groups for the LD clinic, statistical significance was not 
approached or obtained (p=.449). The "IQ only" scheme 
yielded highly insignificant results on a multivariate level 
across both clinics. This suggests that the use of IQ score 
discrepancies to discriminate LD subtype groups does not 
result in groups defined in the same way as those which 
might be defined through the use of academic and behavioral 
indicators. 
It is possible that, taken together with the results of 
the "Clinical" scheme, the use of IQ scores alone to 
initially group children does not allow for any "match" to 
be made between certain IQ and academic score patterns which 
might characterize certain LD subtypes as proposed in the 
literature. Therefore, a more random association between 
academic and IQ variables might occur, which results in a 
lower overlap of membership agreement between this scheme 
and the function supporting its use. 
No academic or behavioral variable was significantly 
associated with groups defined as VLD or NLD by this scheme 
on a univariate level. The Attention Problems and 
Internalized Problems variables contributed most to VLD 
group membership, while the Externalized Problem and Reading 
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variables contributed the most to the NLD group membership. 
However, any interpretation of these results is unwarranted, 
in view of the lack of trend or significance at the 
multivariate level. Additionally, the percentage of 
agreement between predicted (academic and behavioral 
variables) and actual (IQ only) group membership was 62%, 
which is quite low in contrast to the clinical scheme 
described previously. 
IQ Sort/MM Clinic 
Once again, multivariate significance was not 
approached or obtained (p=.178). These results again 
support the conclusion that the use of IQ score 
discrepancies to discriminate LD subtype groups does not 
result in groups defined in the same way as those which 
might be defined through the use of academic and behavioral 
indicators. Further, accumulated results from these 
analyses seem to suggest that though IQ scores may help to 
characterize LD subtypes in conjunction with other 
variables, using a discrepancy score between Verbal and 
Performance IQ does not apparently contribute to any 
meaningful delineation of subtypes. 
For the MM sample, academic variables did not relate to 
the VLD/NLD distinction based on this scheme. One of the 
two behavioral variables which showed a significant 
difference between groups (Externalized Problems) suggests 
relative normalcy of functioning for both groups. A second 
118 
variable (Attention Problems) shows slightly elevated 
functioning for the NLD group in contrast to normal 
functioning for the VLD group, while a third variable, which 
showed a clear trend towards significance (Internalized 
Problems), suggests normalcy of functioning between groups 
as well. 
Any conclusions which might be drawn from linking 
results of this analysis with results from the "Clinical" 
scheme analysis seem unwarranted, due to the lack of 
multivariate significance or trend obtained for this scheme. 
The percentage of predicted (academic and behavioral) to 
actual (IQ only) group membership agreement was 75%, 
somewhat better than that found for the LD clinic sample. 
Statistically, the relative lack of correspondence between 
this scheme and the variables comprising the function might 
well be enhanced by defining an a priori "match" based on IQ 
and at least one other variable. In the meantime, it seems 
clear that the sole use of IQ discrepancy scores to define 
subtypes does not identify related variables which might 
influence subtype membership as clearly as does the use of a 
clinical classification scheme. 
Effect Size 
LD Clinic 
Small sample sizes warranted the use of effect sizes 
with which to contrast NLD and VLD groups on their relative 
group mean scores for the three dependent behavioral 
119 
variables. For purposes of this study, a significant level 
of elevation for the three behavioral variables contrasted 
is represented by a T-score of 60 or above. Therefore, even 
though effect sizes might be sometimes moderate to large, 
both groups may still be functioning within a normal range 
of behavior. 
Of the three dependent variables used in this study, 
only the Internalized Problems variable yielded a small to 
moderate effect size between subtypes across all four 
schemes. The two schemes yielding moderate effect sizes for 
this variable demonstrated opposite trends: using the "IQ 
only" scheme, the VLD subtype displayed significantly 
elevated mean scores, compared to normal mean scores for NLD 
children. In contrast, the "Clinical" scheme produced 
significantly elevated mean scores for NLD children, while 
the VLD group only approached significance. Because the 
"Clinical" scheme employed many descriptors of the NLD 
syndrome in addition to IQ scores alone, it is possible that 
a more homogeneous group of children were initially 
identified within this subtype, and that they had already 
developed internalized responses to their related 
difficulties over time. 
Specifically, it may be that merely identifying a 
subject as NLD or VLD on the basis of IQ scores alone helps 
to define groups characterized by NLD or VLD, but also by 
other kinds of children. Any resulting "VLD" group, which 
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is sometimes characterized in the literature by internalized 
behavior as well as by hyperactivity/attentional problems, 
may be more of an amalgam of subtypes than a truly 
homogeneous VLD group. The same may be true of any "NLD" 
group which might be derived on the basis of IQ scores 
alone. 
This hypothesis appears to be supported by differences 
in groups on the Attention variable: for the "IQ only" 
scheme, the VLD group had significantly elevated Attention 
scores, in contrast to their NLD counterparts, whereas for 
the "Clinical" scheme, both groups were elevated on this 
variable. As Rourke proposed, NLD children should be 
characterized by initially externalized behavior which might 
include attention problems. Though he proposed that VLD 
children were characterized by normalcy of behavioral 
functioning, other literature supports a hyperactive and 
possibly internalized presentation for these children. Even 
if the literature describes an amalgam of "VLD" children, 
the "Clinical" scheme may define a more specific subset of 
these children who are also characterized by elevated 
attentional problems. Further, if the "Clinical" scheme 
truly captures more homogeneous groups, as this author 
proposes, then elevations for both of these groups on the 
Attention Problems variable should occur as supported in the 
literature just described. In contrast, while the "IQ only" 
scheme may indeed identify some truly VLD children, there 
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may also be a variety of other kinds of children identified 
by it, who may share an attentional problem feature. 
For the Externalized Problems variable, the large 
effect size yielded by the "Academics only" scheme 
contrasted with a small effect size for the other three 
schemes. All groups in three of four schemes exhibited 
scores in the normal range of functioning for this variable; 
only the "NLD" group showed elevated Externalized Problem 
scores using the "Academics only" scheme. As noted 
previously, one component of this scheme, the Reading 
variable, either obtained or approached univariate 
significance in most of the discriminant function analyses 
conducted, suggesting that this variable in particular 
somewhat effectively discriminates between NLD and VLD 
groups. However, it is two to three times less effective 
than IQ scores in discriminating between groups. 
Additionally, the Math variable appears to be a relatively 
poor discriminator between groups. In combination, then, 
these two academic variables may identify a "VLD" or "NLD" 
group which may again be described as more of an amalgam of 
subtypes, or as a different but related subtype, than as a 
homogeneous VLD or NLD group. 
For the Attention Problems variable, the moderate 
effect size generated by the "IQ only" scheme was previously 
discussed. While small effect sizes were produced by the 
other three schemes, all mean scores for NLD and VLD groups 
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across all four schemes resulted in significant elevations 
for this variable. Thus, while inattention and impulsivity 
may be characteristic of both groups, this variable may not 
predict group membership effectively, as generally shown 
through the discriminant function analyses. It would 
therefore be important to describe the possible shared 
influence of this variable on both subtypes, but not to 
describe it as a variable which might contribute to useful 
delineation of these two subtypes as distinct entities. 
MM Clinic 
Of the two schemes for which sample sizes were large 
enough to conduct analyses, the moderate (Clinical) to large 
(IQ only) effect sizes for the Internalized Problems 
variable do not show elevated mean scores for either NLD or 
VLD groups. All are within the normal range of functioning, 
suggesting that neither group is experiencing difficulty of 
an internalized nature at this time. Specifically, the VLD 
group identified by the "IQ only" scheme showed fewer than 
average problems compared to the NLD group, who were still 
well within the normal range. The "Clinical" scheme showed 
a trend in the opposite direction, where the VLD group in 
this scheme approached a significant elevation in contrast 
to the NLD group. An extremely small VLD sample size 
warrants caution in interpreting trends for this variable in 
particular, where an age-related increase in problems is 
expected for VLD children. 
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While a moderate effect size was noted for the 
Externalized Problems variable, once again both groups were 
within the normal range of behavioral functioning, 
suggesting no difficulty of an externalized nature at this 
time. For this variable, both schemes showed that the VLD 
group had markedly fewer than average problems than the NLD 
group, who were also well within the normal range of 
functioning. 
Perhaps both groups of MM children generally show a 
relatively low proportion of problems in both internalized 
and externalized areas due to a high level of compliance 
with their parents and others in their environment who care 
for them. It is possible that a certain degree of 
dependency upon these people, which is related to MM 
children's physical needs (at the very least), may result in 
conforming to their caretakers' behavioral expectations. 
Finally, for the Attention Problems variable, a small 
(Clinical) to moderate (IQ only) effect size was noted. 
With the exception of the VLD group identified by the "IQ 
only" scheme, both groups showed significantly elevated 
scores, suggesting that attention problems may represent an 
area of difficulty for both subtypes, but also suggesting 
that, in tandem with the LD clinic findings, this variable 
may not be an effective discriminator between groups. 
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Hypotheses: Cross-sectional 
Hypothesis 1 
As a group, the children in the LD clinic exhibited 
relatively more behavior problems of both the internalized 
and externalized variety than those in the MM clinic, though 
most findings are characterized by relative normalcy of 
functioning across both clinics. 
A finding of statistical significance or a clear trend 
towards significance for both behavioral variables across 
three of four schemes, in which the direction of mean scores 
for the LD clinic is consistently higher than for the MM 
clinic, suggests a slightly greater occurrence of behavioral 
problems for children in the LD clinic. However, general 
results for both clinics do not support a conclusion of an 
overall difficulty of an externalized or "acting out" nature 
for children in either clinic. 
The significant elevation of internalized behavior 
problem scores particular to LD clinic children across two 
of four schemes suggests an overall difficulty of a "turning 
inward" or depressive nature for these children. These 
findings could be due to a difference in referral bias: 
children coming to the LD clinic for the first time were 
often referred due to academic and/or behavioral problems 
which were brought to the attention of school personnel by 
teachers and/or parents, whereas children seen in the MM 
clinic were re-evaluated on a consistent basis regardless of 
level of school or behavioral functioning, in conjunction 
with their documented physical disability. 
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Additionally, children seen for the first time in the 
LO clinic were probably not systematically exposed to the 
consistent medical, psychological, and educational resources 
within the hospital setting which were available to the MM 
children on a periodic basis. These resources may have 
helped to ameliorate behavioral difficulties that might 
otherwise have ensued as a function of membership in either 
of these subtypes for children in the MM clinic. 
Finally, because children were not separated by subtype 
in this particular analysis, group differences which 
otherwise might emerge may not be apparent on the basis of 
this analysis alone. The comparison of the two 
heterogeneous, relatively undifferentiated groups in this 
hypothesis represents the same kind of general finding which 
has often been obtained in past research efforts, and which 
has not added much to our understanding of subtypes or the 
behavioral correlates associated with them. However, for 
purposes of this study, it is important to contrast LO 
children with physical disability as a group with other LD 
children who are without physical disability. 
Hypothesis 2 
In strong support of Hypothesis 2, a significantly 
higher proportion of LD than MM children were classified as 
VLO, whereas a higher proportion of MM than LO children were 
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classified as NLD, using either actuarial or clinical 
classification schemes. In fact, there was almost a 
complete reversal of pattern in the numbers of children 
identified for each subtype within the two clinics. This 
lends indirect support to Rourke's (1989) theory, that 
perhaps children with certain neurological conditions show a 
higher incidence of the NLD syndrome than those in the 
general LD population. Any inference about the role of 
white matter disturbance as associated with a higher 
prevalence of NLD would be conjectural at this point. 
However, these preliminary findings strongly suggest a need 
for future research with this particular population, and 
with other populations like it who are characterized by 
neurologic conditions which have been presumed to exhibit a 
higher incidence of NLD. 
Hypothesis 3 
The research hypothesis that children with NLD would 
exhibit elevated externalized scores initially, would 
maintain those scores over time, and would also develop 
internalized problems as they got older was partially 
supported by the results from this analysis. 
For the LD clinic, findings of initially elevated 
scores of the externalized variety which were then 
maintained over time supports previous research findings for 
this group of children. While extremely small sample sizes 
warrant the use of caution in interpreting results from this 
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and subsequent hypotheses, it is possible that this 
direction towards maintenance of elevated functioning may be 
due in part to deficits in visual and tactile perception, 
which in conjunction with social interactions often 
characterized by misperception of nonverbal social cues and 
the general inability to communicate effectively, might lead 
to a more aggressive or "acting out" set of behaviors when 
such a child is not understood. 
In contrast, the lack of initially elevated 
externalized scores, and subsequent lack of significance 
between younger and older children in the MM clinic, 
suggests normalcy of functioning at both younger and older 
age levels for these children in this behavioral area. This 
finding is supported by the literature specific to an MM 
population, which suggests that about 80% of these children 
show normalcy of functioning in the externalized area. As 
noted previously, MM children are systematically brought to 
the attention of professionals in conjunction with their 
physical disability, and may receive social-emotional as 
well as other medically-related support services which might 
influence the (lack of) development of proposed behavioral 
correlates of NLD. 
The second part of this hypothesis was partially 
supported by the available data. For the LD clinic, all but 
one scheme (LD clinic: Clinical) yielded mean scores which 
were found to be in the normal range of functioning 
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initially, as expected. Significant differences between 
younger and older groups might well have been obtained with 
a larger sample size and the use of a parametric approach, 
as two of the four schemes employed do show an elevation in 
scores over time, although they are not statistically 
significant. 
Because the "Clinical" scheme findings were based on 
such a small sample, and were unsupported by findings from 
other schemes, any meaningful interpretation of results from 
this scheme alone is problematic. It is possible that, 
whether NLD children initially exhibit internalized behavior 
problems or not, they may develop them over time. 
For the MM clinic, the initially normal mean scores and 
resultant lack of significance obtained in comparing younger 
to older NLD children on the Internalized Problems variable 
reflects a normalcy in functioning across both younger and 
older age levels for this variable. In tandem with the 
first part of this hypothesis, these results suggest a 
difference in behavioral functioning for NLD children from 
each clinic. NLD children with a neurologic condition, as 
demonstrated in the MM sample in this study, may initially 
exhibit normal behavioral functioning in both internalized 
and externalized areas, and maintain this functioning over 
time, as is indicated in the MM literature. However, these 
findings may not extend to those NLD children who do not 
manifest certain neurologic conditions. The lack of 
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systematic access to professionals in the health care system 
for children without neurologic conditions is one apparent 
reason for the difference between groups. Perhaps a less 
obvious reason relates to a possible difference among 
parents in completing the particular instrument used in this 
study to assess behavioral functioning. Because parents of 
MM children may spend more time with their offspring, and 
may use their time together in a qualitatively different way 
(e.g., teaching their child to adjust catheter tubing) than 
LD parents, they may experience less frustration and 
negative feeling towards their children, and may 
subsequently view their offspring's behavior as more 
"normal". 
Hypothesis 4 
For VLD children in both MM and LD clinics, the 
nonsignificant results obtained from this analysis support 
Rourke's hypothesis of normalcy of functioning for a VLD 
group. However, findings do not support the research 
hypothesis of expected difficulty in internalized problems 
throughout childhood, nor the literature which suggests that 
particularly for VLD children with early language delays, 
internalized problems may develop. While results for the MM 
sample were so small that meaningful interpretation is not 
indicated, a rather robust sample for the "Clinical" scheme 
in the LD clinic in particular warrants further exploration. 
Of all four schemes employed throughout this study, the 
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''Clinical" scheme provided the most comprehensive view of 
language functioning. For the LD clinic, an entire section 
of the neuropsychological reports was devoted to language 
functioning, and was used qualitatively by raters as one 
factor in making their classification decisions. 
Both younger and older VLD children in this clinic 
showed mean scores which, while in the normal range of 
functioning, approached elevation of scores over T- 60, 
using the ''Clinical" scheme. It is possible that these 
children are characterized by normalcy of behavioral 
functioning, at least in the internalized area. However, 
while significance was not obtained using any of the four 
schemes in this clinic, two of the four schemes do show a 
trend towards increased elevation of scores for older 
children, which suggests problems in this area at an older 
age. It appears that further research is needed which might 
indicate one of three possibilities: (a) VLD children are 
characterized by normalcy of behavioral functioning, as 
Rourke suggests; (b) they show an increase in internalized 
problems over time; or (c) they initially exhibit 
internalized problems which continue over time. 
Hypothesis 5 
The literature suggests that boys' brains show more 
asymmetry than girls from infancy on, and that any white 
matter disruption may therefore affect their functioning 
more than for girls. Since white matter is suggested to be 
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predominant in the right hemisphere, and NLD is also 
suggested to be a right hemisphere disorder, its presumed 
externalized behavioral correlate should affect boys more 
than girls. In other words, boys should exhibit more 
externalized behavior than girls. However, the data did not 
support this hypothesis. 
A visual inspection of mean scores for both younger and 
older boys across clinics and schemes suggests that the 
samples in the LD clinic are too small to interpret 
meaningfully. Findings from the MM clinic, however, are 
generally characterized by normalcy of functioning for both 
genders. This result needs replication. It is important 
that, since both genders have been systematically shunted in 
early infancy, usually in the right parietal lobe, neither 
apparently demonstrates vulnerability to this presumed 
behavioral correlate, despite a presumed asymmetry in brain 
structure for males. Further research is needed in order to 
determine whether externalized behavioral difficulties do in 
fact characterize an NLD group, or whether boys may not be 
more vulnerable than girls to presumed right hemisphere 
dysfunction. 
Hypothesis 6 
Although the literature suggests that children 
characterized by early language delays may exhibit 
internalized behavioral difficulties, and that girls 
generally develop more internalized problems than boys in 
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their adolescence, results from this analysis do not support 
these assertions. While for the MM clinic, extremely small 
sample sizes preclude any meaningful interpretation of 
results, a lack of significance obtained for VLD children in 
the LD clinic when age and gender were controlled for 
suggests that girls are characterized by similar or even 
lower scores than boys. A visual inspection of mean scores 
shows that older boys exhibit higher scores than older 
girls. Because of a lack of significance obtained between 
genders at both a younger and older age, these mild trends 
will not be explored further. 
Hypothesis 7 
A comparison of attention problems by gender in both 
clinics demonstrated mixed support for the hypothesis that 
boys from both subtypes would demonstrate higher levels of 
such behavior than girls. A small sample size for the MM 
clinic in particular precluded any meaningful interpretation 
of significant results obtained for one scheme. 
For the LD clinic, a significant finding using the "IQ 
and Academics" scheme showed that VLD girls demonstrated 
higher levels of attention problems than VLD boys. This may 
indicate that because the prevalence of boys identified 
clinically for this set of problems is greater than for 
girls, by the time girls are brought to the attention of 
professionals in a clinic setting, they may exhibit more 
attentional problems as part of the process of their 
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identification. 
Additionally, the mixed results from this analysis, in 
conjunction with generally elevated scores for both genders 
across clinics, suggest that at least for one component of 
attention deficit disorders (hyperactivity), the stated 
prevalence rates thought to be greater for boys than girls 
may in fact not be reflective of children who are also 
learning disabled. Attention problems may well co-occur not 
only across subtypes, as suggested by results from the 
discriminant function analyses conducted for this study, but 
across genders, as suggested by the present analysis. 
Hypotheses: Longitudinal 
Hypothesis 8 
Both Hypotheses 8 and 9 used a longitudinal approach to 
explore the direction and degree of intra-individual 
behavioral change over time. 
For the VLD longitudinal sample, all children either 
maintained initially elevated scores, or increased from 
normal functioning to significantly elevated scores in 
internalized, externalized, and attention problem areas. 
The findings for this analysis do not approach significance, 
but do show a trend towards an increase in internalized 
behavioral difficulties over time, which was also reported 
in the cross-sectional findings for Hypothesis 4 for VLD 
children. 
Due to an extremely small sample size, caution is 
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warranted in drawing any conclusions from these results. 
Findings from both longitudinal hypotheses (8 and 9) should 
additionally be viewed with caution, as the follow-up data 
obtained from these particular respondents (parents) may 
reflect a subsample of VLD and NLD children whose behavior 
did not "get better" over time. Perhaps the parents who 
responded to a request for follow-up information complied 
because they were still concerned about their child, and 
hoped that continued contact with professionals might in 
some way help to address their concerns, whereas parents who 
no longer viewed their child's behavior as a problem might 
be less inclined to respond a second time. 
Hypothesis 9 
For the NLD subsample, this hypothesis explored 
longitudinally the same question as in Hypothesis 3, which 
used a cross-sectional approach. The hypothesis that NLD 
children would show elevated externalized behavioral 
functioning at both younger and older ages, and an increase 
in internalized behavior from a younger to an older age, 
presumably due to increased interpersonal difficulties, did 
not obtain significance, though a trend of increase in both 
behaviors was shown. 
These children also either maintained an already 
elevated Attention Problem score or increased their score 
from a normal range to a significantly elevated range. 
Again, this particular subsample may demonstrate a selection 
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bias, for reasons mentioned in Hypothesis 8. It is 
interesting to note that both VLD and NLD longitudinal 
samples increased or maintained initially elevated scores in 
all three areas of behavioral functioning. Taken together, 
these findings would not support any particular behavioral 
pattern of differentiation in the two subtypes. 
Limitations of the Study 
While this study has dealt with several difficult 
issues in the classification of and behavioral functioning 
in children with LO, it must also be viewed with caution for 
the following reasons. The classification schemes used to 
derive subtypes, while carefully chosen to reflect those 
approaches used by major studies in the field, only 
partially replicated more extensive criteria actually used 
in those studies. The nature of working with retrospective 
data limited the scope of testing instruments which could be 
employed in order to derive subtypes in the same manner as 
other studies in the field. 
Second, the instrument used to measure the dependent 
variables is a checklist completed by parents. It is their 
perception of their child's problems alone which defined 
whether or not children had difficulties in the three areas 
of internalized, externalized, and attentional problems. 
The use of cross-referents in future studies conducted in 
this area would seem to provide a basis for more substantial 
conclusions drawn than those derived from using parent 
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perceptions alone to define these areas of difficulty. 
Third, an extremely small sample size within each 
clinic with which to contrast subtypes limits the 
generalizability of the findings. In the LO clinic, the low 
NLD sample could be expected due to the relatively low 
incidence rate suggested in the LO population as a whole. 
In the MM clinic, a somewhat surprising reversal in this 
trend was noted; while the NLD sample was fairly robust, the 
VLD sample for this clinic was quite small. Combined, while 
the results obtained offer solid preliminary evidence which 
might assist in describing the two subtypes, hypotheses set 
forth in this study need to be replicated with larger sample 
sizes. 
Finally, sample sizes within both clinics, which could 
not be assumed to come from a normal population 
distribution, resulted in the use of a nonparametric 
statistical procedure. Nonparametric procedures do not 
provide as much statistical power as the use of parametric 
procedures. It is therefore possible that findings of 
nonsignificance were influenced by the use of the particular 
procedure(s) employed. 
Directions for Future Research 
The relatively high incidence of NLD children in the MM 
sample is surprising, given the estimated prevalence rate 
for this LD subtype in the general population. Children 
with a variety of neurologic conditions where right 
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hemisphere involvement is thought to occur need to be 
researched, in order to further explore the possibility that 
these groups of children carry a higher incidence of NLD 
than the general LD population, and to provide a possibly 
more homogeneous group for study than that which might exist 
in the general LD population. 
The classification issues addressed in this study point 
to the possibility that the use of combined academic and IQ 
scores may provide a more meaningful approach to subtype 
classification than the use of IQ scores alone. Based on 
these classifications, patterns of behavioral functioning 
relative to subtypes should continue to be explored. It is 
possible that within subtypes, mitigating factors such as 
physical disability may account for the differences in 
behavioral functioning observed within the same subtype. 
Further research should be conducted comparing 
relative subtype agreement between a variety of actuarial 
algorithms and a clinical, qualitative approach to 
subtyping. Perhaps there is indeed a "matching" of 
actuarial criteria which occurs in clinical judgements. 
Alternatively, perhaps clinical judgement provides a more 
precise delineation of subtypes for reasons other than using 
merely actuarial criteria, which are not yet understood 
empirically. 
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APPENDIX A 
Neuropsychological Measures 
A sampling of cognitive abilities for each child included 
in the study was assessed using either the Wechsler 
Intelligence Scale-Revised (WISC-R} or Wechsler Intelligence 
Scale-III (WISC-III). 
1. Weschler Intelligence Scale for Children-Revised: This 
is a test designed to appraise general intelligence (Wechsler, 
1974). Average split-half reliability coefficients for 
Verbal, Performance, and Full Scale IQs are .94, .90, and .96, 
respectively. Support for concurrent validity included 
coefficients of correlation between the WISC-R Full Scale IQ 
and the WPPSI Full Scale IQ of .82; between the WISC-R Verbal 
with the WPPSI Verbal Scale, . 80; and between the WISC-R 
Performance and the WPPSI Performance Scale, .80. Average 
coefficients of correlation of WISC-R Verbal, Performance, and 
Full Scale IQs with the Full Scale Stanford-Binet IQ were .71, 
.60, and .73, respectively. 
Academic Measures 
Academic abilities as assessed in this study include the 
areas of reading recognition, reading comprehension, math 
computation, and math reasoning. A sampling of these 
abilities was measured operationally using the Wide Range 
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Achievement Test (WRAT) and the Wide Range Achievement Test-
Revised (WRAT-R), the Kaufman-Tests of Educational 
Achievement-Brief Form (K-TEA Brief), the Woodcock-Johnson 
Psychoeducational Battery (Tests of Achievement) , the Woodcock 
Reading Mastery Test (WRMT) and the Woodcock Reading Mastery 
Test-Revised (WRMT-R) , the Peabody Individual Achievement Test 
(PIAT) and Peabody Individual Achievement Test-Revised (PIAT-
R), and the Keyrnath Diagnostic Arithmetic Test (Keymath). 
1. The Wide Range Achievement Test (WRAT): This is one 
test of academic achievement which measures competencies in 
the basic skill areas of reading decoding, spelling, and math 
computation. Concurrent validity between the WRAT reading and 
the PIAT reading recognition subtests averaged .87, and with 
the PIAT' s reading comprehension subtest, . 74. Arithmetic 
yielded a .66 with the PIAT (Jastak & Wilkinson, 1984). 
2. The Wide Range Achievement Test-Revised (WRAT-R) : This 
test is a revision of the WRAT, and continues to measure a 
sampling of performance behaviors in the basic skill areas of 
reading decoding, spelling, and math computation. Although 
the reading portion of this test as well as the original WRAT 
measures only one aspect of that process, and does not provide 
a measure of reading comprehension, there is some evidence 
reported supporting its criterion-related validity with other 
academic measures of reading, such as subtests of the 
Metropolitan Achievement Test (e.g., Strang & Rourke, 1983). 
The WRAT-R has been used widely as one measure in the 
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assessment of academic deficit areas and in order to contrast 
performance in these areas for the purpose of LD 
classification research (e.g., Rourke & Finlayson, 1978, 
Strang & Rourke, 1983). 
Test-retest reliabilities for subtests ranged from .94 
(arithmetic) to .90 (reading). Correlations between the WRAT-
R and the original WRAT are: for Reading, .92, and for Math, 
.95 (Jastak and Wilkinson, 1984). Correlations between the 
WRAT-R subtests and the Woodcock-Johnson Psychoeducational 
Battery Achievement Tests range from . 70 to . 85 (Merrill, 
1985) . 
3. Woodcock Reading Mastery Test (WRMT) : This is a 
diagnostic reading test which assesses five aspects of the 
reading process. Only two of the five subtests, Word 
Identification and Passage Comprehension, were employed in 
this study for the purpose of clinical and actuarial 
classification of subtypes. Word Identification, as stated by 
the authors, is a measure of reading decoding, and Passage 
Comprehension is a measure of reading comprehension (Woodcock, 
1973). Split-half reliabilities range from .83 to .99. 
Correlations between the WRMT Total Reading Score and: 
(a) the FIAT Reading subtest ranged from .78 to .87 for grades 
3-12; (b) the WRAT Reading subtest ranged from .86 to .92 for 
grades 3-12; (c) the WJ Reading Achievement from .87 to .92 
for grades 3-12 (Woodcock, 1987). 
4. Woodcock Reading Mastery Test-Revised (WRMT-R) : ( 1987) 
141 
measures a variety of aspects of the reading process through 
the use of six subtests with an alternate form format (Forms 
G & H). As with the WRMT, subtests employed in the current 
study were Word Identification and Passage Comprehension, 
which were used in clinical and actuarial classification. 
Reliabilities were calculated using a split-half procedure. 
Median split-half reliability coefficients ranged from .84 to 
.98 for both Forms G and H. 
Concurrent validity evidence showed correlations between 
the WRMT-R Word Identification test and the WJ Letter-Word 
Identification subtest ranging from .69 to .83 for grades 1-8. 
For Passage Comprehension, a subtest of both the WRMT-R and 
the WJ, correlations ranged from .41 to .66 for grades 1-8 
(Woodcock, 1987). 
5. Kaufman-Tests of Educational Achievement - Brief Form 
(K-TEA Brief): This test provides an overview of a child's 
academic functioning in three broad areas: math, reading, and 
spelling. While it is viewed primarily as a screening 
instrument, its use in this study is as a measure employed to 
operationalize these three academic domains, and to assess any 
differences between academic deficit areas which might have 
relevance to clinical and actuarial subtyping classification 
schemes employed in the current study. 
The test authors suggest that the K-TEA Brief Form is a 
reliable and valid measure of school achievement (Kaufman, 
1986). Intercorrelations between the K-TEA Brief and the K-TEA 
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Comprehensive Tests yielded a mean of .85 for math, .83 for 
reading, and .90 for spelling. Normalized standard scores had 
a mean of 100 with a standard deviation of 15. 
Split-half reliability coefficients for each K-TEA Brief 
Form subtest by age resulted in a mean of .87 for math, .91 
for reading, and .89 for spelling. Test-retest coefficients 
were divided into two grade groups. For Grades 1-6, 
coefficients ranged from .88 for math, to .84 for reading, to 
.90 for spelling. For Grades 7-12, coefficients ranged from 
.85 for both math and reading, to .84 for spelling. 
Support for the concurrent validity of the K-TEA Brief 
Form was gathered using the WRAT and the PIAT, among other 
tests {i.e., the K-ABC and the PPVT-R). Results are presented 
here only for correlations with other academic tests. 
Mean correlations with the WRAT subtests were divided by 
grade levels. For Grades 1-3, correlations of the K-TEA Brief 
Form math subtest with the WRAT Arithmetic subtest were .42; 
for grades 4-6, .56, for grades 7-9, .76, and for grades 10-
12, . 84. For the Reading subtest of the K-TEA Brief Form, 
correlations with the WRAT Reading subtest were: for grades 1-
3, .61, for grades 4-6, .74, for grades 7-9, .61, and for 
grades 10-12, .64. For the Spelling subtest of the K-TEA Brief 
Form, correlations with the WRAT Spelling subtest were: for 
grades 1-3, .43, for grades 4-6, .79, for grades 7-9, .83, and 
for grades 10-12, .87. 
Mean correlations with the PIAT, for all grades combined, 
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were: for the K-TEA Brief Form math subtest with the PIAT math 
subtest, .59; for the K-TEA Brief Reading subtest with (a) the 
PIAT reading recognition subtest, .78, and (b) with the PIAT 
Reading Comprehension subtest, .80. 
6. Peabody Individual Achievement Test (PIAT}: This is an 
academic screening instrument that assesses various areas of 
educational competence, including reading (recognition and 
comprehension}, math, spelling, and general information 
(Buros, 1978). It was used in the current study as one 
measure to help determine any differences in academic deficit 
areas which might have relevance to clinical and actuarial 
subtyping classification schemes employed in the current 
study. Validation was limited to content and concurrent 
validation efforts, which Buros (1978) describes as adequate. 
Internal consistency reliability was not reported in Buros 
(1978). 
7. Peabody Individual Achievement Test-Revised (PIAT-R): 
This test is a refinement of the original PIAT. Median 
correlations by age with the original PIAT are: for Reading 
Recognition, . 88; for Reading Comprehension, . 79; and for 
Math, . 78. It is of note that comprehension is measured 
pictorially and spatially, which might be of help to LD 
children who exhibit expressive language problems, and to 
children in the current study who might be VLD. 
8. Keymath-R: This is a test of mathematics concepts and 
skills. Alternate form reliability averaged . 90 for the total 
test. 
144 
Split- half reliabilities for the total test are 
between .90-.99. Correlations between the Keymath-R and other 
academic achievement tests is sparse. Of the two reported by 
the author, correlations with one, the Comprehensive Test of 
Basic Skills Math Computation subtest, were .49 for the total 
test; correlations with the second, the Iowa Tests of Basic 
Skills Math Computation, were .58 for the total test. 
9. Woodcock-Johnson Psychoeducational Battery-Revised 
(WJ-R) Tests of Achievement: This battery of tests includes, 
among others, letter-word identification, passage 
comprehension, and (math) calculation subtests, which were 
used in the clinical and actuarial classification schemes as 
one criterion for establishing subtypes. Median internal 
consistency reliabilities were .91 for Letter-Word 
Identification, .90 for Passage Comprehension, .93 for Math 
Calculation. Concurrent validity correlations between the WJ-
R Test of Achievement and the PIAT and WRAT range form .70 to 
.90 (Buros, 1985). 
Social-emotional Measure 
1. Child-Behavior Checklist (CBCL): This is an empirically 
derived rating scale of behavioral problems which may or may 
not be present for a particular child. Of the three forms 
available (i.e., parent, teacher, and youth self-report for 
ages 12-18), only the parent form was used in the present 
study. It represents an operational definition for the domain 
of behavioral functioning in general, and for two major 
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patterns of behavior problems (internalized and externalized) 
and one syndrome of behavior (attention problems) in 
particular. It is the dependent variable in this study. 
The CBCL parent form was designed for use with parents 
whose children are between 4-16 for the original form, and 
between 4-18 for the revised 1991 form. Both forms are 
analyzable using the 1991 norms for the rating scale. The 
CBCL is written at a 5th grade reading level. It contains 
five scale scores within two areas: Social Competence (i.e. 
activities, school, and social) and Behavior Problems (i.e. 
internalizing, externalizing). There are 20 Social Competence 
items which refer to the quality and quantity of a child's 
activities, and 118 items within the area of Behavior 
Problems, which are rated on a three point scale ranging from 
often, to sometimes, to never true about a particular child 
(Buros, 1985). These Behavior Problem items make up 8 
syndromes or subscales, which are labelled Withdrawn, Somatic 
Complaints, Anxious-Depressed, Social Problems, Thought 
Problems, Attention Problems, Delinquent Behavior, and 
Aggressive Behavior. The first 3 subscales listed above make 
up an Internalized grouping or scale, and the last 2 subscales 
make up the Externalizing grouping or scale. The remaining 3 
subscales are not a part of either the Internalizing or 
Externalizing "second order" Scales. 
Test-retest reliabilities for scales used in this study 
were: for the Attention Problems Scale, .90; for the 
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Internalized Scale, .89; for the Externalized Scale, .93; and 
for the Total Problem Scale, . 93. Combined, the mean 
correlation for all scales was .89. Interparent agreement for 
scale scores used in this study were: for the Attention 
Problems Scale, .79; for the Internalized Scale, .66; for the 
Externalized Scale, .80, and for the Total Problem Scale, .76 
(Achenbach, 1991}. 
Criterion-related validity is supported by correlations 
with similar behavioral rating checklist systems (Table 22}, 
including the Conners Parent Questionnaire and the Quay-
Peterson Revised Behavior Problem Checklist. 
APPENDIX B 
Table 21 
List of Cognitive and Academic Measures Administered to Children· 
from LO and MM Clinics 
Cognitive Measures 
Wechsler Intelligence Scale for Children - Revised (WISC-R) 
Wechsler Intelligence Scale for Children - III (WISC-III) 
Academic Measures 
Kaufman - Tests of Educational Achievement: Brief Form (K-TEA Brief) 
Keymath - Revised (Keymath-R) 
Peabody Individual Achievement Test (PIAT) 
Peabody Individual Achievement Test - Revised (PIAT-R) 
Wide Range Achievement Test (WRAT) 
Wide Range Achievement Test - Revised (WRAT-R) 
Woodcock Johnson - Revised: Tests of Achievement (WJ-R) 
Woodcock Reading Mastery Test (WRMT) 
Woodcock Reading Mastery Test - Revised (WRMT-R) 
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APPENDIX C 
Table 22 
Comparisons of CBCL with Conners Parent Questionnaire and Quay-Peterson 
Revised Behavior Problem Checklist 
CBCL Scales 
Total With- Anxiety/ Attn. Delin- Aggr. Int. Ext. 
Prob. drawn Depress. quency 
Conners 
Psycho-
somatic .56 
Anxiety .67 .62 
Hyper-
activity .59 
Antisocial 
.77 .67 
Conduct 
Problems .86 .86 
Total 
Problems .82 
Quay-Peterson 
Anxiety-
Withdrawal .66 .78 • 72 
Attn. Problems 
.77 
Socialized 
Aggression .59 
Conduct 
Disorder .73 .88 .88 
Total 
Problems .81 
Note. From Manual for the Child Behavior ChecklistL4-18 and 1991 
Profile (pp. 85-86) by T. M. Achenbach, 1991, Burlington, Vt.: 
University of Vermont Department of Psychiatry. 
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